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(54) Bonding compositions for dental use 

(57) Provided are an antibacterial bonding composi- 
tions for dental use, which comprises (A) an antibacte- 
rial primer that comprises an antibacterial 
polymerizable monomer having an ethyienic unsatu- 
rated group and at least one or more cationic groups 
selected from the group consisting of ammonium bases, 
pyridinium bases and phosphonium bases, and a vola- 
tile solvent, and (B) an adhesive composition compris- 
ing an acid group-having polymerizable monomer, a 
polymerizable monomer, and a polymerization initiator; 
and an adhesive compositions for dental use. which 
comprises (P) an adhesive primer comprising an acid 
group-having polymerizable monomer, a hydrophilic 
polymerizable monomer, and water, and (Q) a bonding 
agent comprising a polymerizable monomer, and an 
acylphosphine oxide compound and an a-diketone 
compound both serving as a polymerization initiator. 
The bonding compositions can inhibit the growth of car- 
iogenic bacteria in the bonded area of a tooth as 
restored with a restorative dental material in dental 
treatment thereby preventing secondary caries and 
odontitis around that area, and can enhance the bond- 
ing strength, especially the bonding durability of the 
restorative dental material to the tooth. 
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Description 

[0001] The present invention relates to bonding compositions for dental use. More precisely, the invention relates to 
bonding compositions for dental use, which exhibit good adhesiveness between a tooth and restorative dental materials 

5 in dental treatment, and which are for preventing the growth of cariogenic bacteria in the bonded area. 

[0002] In dental treatment where partial defects in the teeth are restored through prosthesis' with restorative dental 
materials such as, for example, composite resins, compomers, metal alloys and ceramics for dental restoration, often 
used are dental bonding compositions. However, when such a restorative dental material is cfirectly bonded to the sur- 
face of a tooth, it could not exhibit satisfactory bonding strength since it is not adhesive by itself. As a result the restor- 

10 ative dental material as directly bonded to a tooth will peel off, or, as the case may be, bacteria will penetrate into the 
bonded interface between the tooth and the restorative dental material to cause secondary caries and odontitis. 
[0003] In order to solve the problem, various dental bonding methods which include previous application of some 
tooth surface treating agents to defective teeth to be restored have heretofore been proposed. Some reports say that 
such tooth surface treating agents improve the bonding strength between a tooth having been pre-treated with any of 

is them and a restorative dental material applied to the surface-treated tooth. For example, (1) Journal of Dental 
Research, Vol. 34, pp. 849-854, 1955 says that some acid etching primers improve the bonding strength of restorative 
dental materials to tooth enamel; (2) Journal of Dental Research, Vol. 63, pp. 1 087-1 089. 1 984 says thai a primer com- 
position comprising glutaraldehyde, 2-hydroxyethyl methacrytate (hereinafter referred to as HEM A) and water 
enhances the bonding strength of restorative dental materials to tooth; (3) JP-A-62-223289 says that a primer as pre- 

20 pared by adding an acid such as maleic acid, nitric acid or p-toluenesulfonic acid to an aqueous solution of HEMA 
improves the bonding strength of restorative dental materials to tooth enamel and tooth; (4) JP-A-1 -1 13057 says that a 
primer as prepared by adding a salt of an acid to an aqueous solution of HEMA improves the bonding strength of restor- 
ative dental materials to tooth enamel and tooth; and (5) Materials and Instruments for Dental Use, Vol. 9, pp. 65-73, 
1990 says that a primer as prepared by adding a monomer having an amino acid residue such as N-acryloylaniline or 

25 the like to an aqueous solution of HEMA improves the bonding strength of restorative dental materials to tooth enamel 
and tooth. In addition, (6) JP-A-3-240712 discloses a dental bonding composition as prepared by adding a polymeriz- 
able monomer having an acidic group and a curing agent to an aqueous solution of HEMA; and (7) JP-A-4-8368 says 
that adding an amino compound to the dental bonding composition in (6) enhances the ability of the composition to 
improve the bonding strength of restorative dental materials to tooth. 

30 [0004] In particular, a dental bonding method of using a self-etching adhesive primer is an extremely excellent tech- 
nique, as being easy to operate and giving a high bonding strength to the tooth. The adhesive primer for use in the 
method comprises an acid (including acidic monomers), a hydrophilic monomer and water, and the method of using it 
comprises applying the primer to the surface of a tooth and directly applying a bonding material thereto without washing 
and drying the primer-coated tooth. 

35 [0005] However, the self-etching adhesive primer not requiring washing with water is problematic in that the polymer- 
izabie monomer will partly remain in the surface layer of tooth even though most of the solvent such as water and the 
like could be removed through drying with a dental air syringe after its application. The remaining monomer may be 
polymerized and cured together with the overlaid bonding material by irradiation of light. However, the adhesive primer 
contains low polymerizable monomers such as hydrophilic monomers and acicfic monomers, which could not be polym- 

40 erized all at once. In order to enhance its polymerizability, some means of improving the adhesive primer have hereto- 
fore been tried by adding thereto a photopolymerization initiator, which, however, could not produce the intended effect 
up to the present As a result, the polymerization of the monomers in the bonding material (including the adhesive 
primer) applied to the surface of a tooth is insufficient and, in a certain period of time after the restoration of the tooth 
with a restorative dental material, a crevice is formed between the tooth and the butted material to cause marginal leak- 

45 age, or the butted material is peeled off. Such problems with the adhesive primer have heretofore been often pointed 
out. In particular, it is said that the problems are remarkable when the bonding material is irradiated by light for a short 
period of time. 

[0006] Improving the polymerization curability of the adhesive primer and the bonding material could be attained in 
some degree by increasing the amount of the photopolymerization initiator in those compositions. Increasing too much 
so the amount of the initiator in those compositions is problematic in that the initiator remaining in the cured products of 
the compositions will be much released out, since the initiator has no polymerizable group, and, in addition, the 
mechanical strength of the cured products is lowered and the cured products are discolored with the lapse of time. In 
that condition, aesthetic tooth crown repairing is impossible. For these reasons, adding too much initiator to the compo- 
sitions is impracticable. 

55 [0007] There is still another problem of secondary caries and odontitis that may be caused by the penetration of bac- 
teria into the bonded interface between tooth and the restorative dental material applied thereto, in addition to the bond- 
ing durability failure in the bonding material used. The problem is often pointed out as serious. 
[0008] For preventing the penetration of bacteria into the bonded interface, antibacterial dental bonding materials 
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have been proposed. For example, JP-A-1-17107 discloses dental cement that contains an antibacterial agent. JP-A- 
2-16176 and 8-198723 disclose a pre-treating agent for dental use that contains a quaternary alkylammonium salt In 
these, they do not specifically refer to the antibacterial property of the pre-treating agent, but the quaternary alkylam- 
monium salt used will have antibacterial ability. However, the antibacterial agent and the quaternary alkylammonium 
5 salt have no polymerizable group; and will be therefore released out into the mouth after the dental boncfing composition 
* comprising any of them has been polymerized and cured on a tooth. Prior* to their dental application, therefore, the anti- 
bacterial agent and the quaternary alkylammonium salt require complete safety confirmation. Another problem with 
them is that the antibacterial agent and the quaternary alkylammonium salt could not exhibit the antibacterial ability for 
a long period of time. 

w [0009] JP-A-6-9725 and 7-21581 4 disclose dental compositions containing an antibacterial polymerizable monomer 
and an acid group-having polymerizable monomer. The antibacterial property as referred to in these is the non-releas- 
ing antibacterial property of the polymerized ( or cured) products of the dental compositions. In these, the cured prod- 
ucts do not release the antibacterial component from them. They say that the cured products as formed through 
copolymerization of the antibacterial polymerizable monomer and the other monomer exhibit the antibacterial ability on 

is their surface. Specifically, in the cured polymer products of the dental compositions proposed, the copolymerized anti- 
bacterial compound is exposed out on the surface of the cured polymer, and it may attenuate the bacteria having 
adhered on the surface of the cured products, but could not kill the bacteria existing in the fine structure of the bonded 
interface of toothal tubules. 

[0010] One means of solving the problem has been proposed in JP-A 8-157318, which discloses an antibacterial 
20 adhesive primer comprising an antibacterial polymerizable monomer, an acid group-having polymerizable monomer, an 
alcoholic hydroxy! group-having polymerizable monomer, water and a polymerization catalyst 
[001 1 ] The technique proposed is characterized in that an antibacterial polymerizable monomer is added to the adhe- 
sive primer for killing bacteria in and around tooth while, at the same time, attaining decalcification of tooth, and that the 
polymerized and cured product of the primer composition exhibits the non-releasing antibacterial ability on its surface. 
25 Therefore, this is an extremely useful technique. However, the adhesive primer contains a large amount of hardly-vola- 
tile components such as the acid group-having polymerizable monomer and the alcoholic hydroxyl group-having polym- 
erizable monomer. Therefore, the probability of contact between bacteria and the antibacterial polymerizable monomer 
in a resultant product is low, and the adhesive primer could not satisfactorily express the antibacterial ability. In addition, 
when cured on a tooth, the adhesive primer gives a layer of a copolymer of the antibacterial polymerizable monomer 
30 and other polymerizable monomers in and around the bonded interface between its cured product and the tooth. How- 
ever, since the proportion of other polymerizable monomers to the antibacterial monomer is large, the adhesive primer 
could not still produce a satisfactory antibacterial effect. 

[001 2] Greatly increasing the amount of the antibacterial polymerizable monomer or greatly decreasing the amount 
of the acid group-having polymerizable monomer and that of the alcoholic hydroxyl group-having polymerizable mono- 

35 mer in the adhesive primer could improve the antibacterial ability of the adhesive primer in some degree, which, how- 
ever, is not practicable as greatly lowering the bonding force of the adhesive primer to a tooth. 
[001 3] A composition comprising an antibacterial polymerizable monomer and a volatile solvent is known. For exam- 
ple, as in JP-A-9-67546, an antibacterial polymerizable monomer may be added to an adhesive composition compris- 
ing a monomer capable of bonding to metal and a volatile solvent However, the adhesive composition cfisclosed in JP- 

40 A-9-67546 is directed to modification of the surface of metal, and nothing is referred to therein that relates to a tech- 
nique of killing bacteria in and around a tooth. We, the present inventors tested the compositions of the examples dis- 
closed in JP-A-9-67546, but the compositions did not have high bonding strength to a tooth. 
[0014] JP-A-10-236915 discloses an antibacterial caries-detecting liquid that comprises an antibacterial polymeriza- 
ble monomer, a dye, and water and/or a water-miscible solvent Basically, this liquid is applied to a tooth before the 

45 affected tooth is removed from the tooth with a cutting tool, thereby killing the cariogenic bacteria that exist in and 
around the affected tooth while differentiating the affected tooth from the non-affected healthy tooth, and the technique 
disclosed is very useful. However, most of the antibacterial polymerizable monomer in the antibacterial caries-detecting 
liquid is removed along with the affected tooth which is removed with a cutting tool. In that condition, a high concentra- 
tion of the monomer could not be in and around the tooth of a tooth treated with the liquid. Therefore, even though the 

so liquid could kill the cariogenic bacteria existing in and around tooth, it is almost ineffective against the cariogenic bac- 
teria that may penetrate into the restored area of a tooth, and therefore could not prevent the growth of the cariogenic 
bacteria penetrated into that area after treatment. 

[001 5] The subject matter of the present invention is to provide bonding compositions for dental use, which can inhibit 
the growth of cariogenic bacteria in the bonded area of tooth as restored with a restorative dental material in dental 
55 treatment thereby preventing secondary caries and odontitis around that area, and which can enhance the bonding 
strength, especially the bonding durability of the restorative dental material to a tooth. 

[0016] To attain the subject matter noted above, the present inventors have assiduously studied the problem of how 
to prevent the growth of cariogenic bacteria in the bonded area of tooth as restored with a restorative dental material 
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and of how to enhance the bonding durability of a restorative dental material and a tooth as restored with the material, 
and, as a result, have found out the following novel techniques. 

(1) Technique for Preventing the Growth of Cariogenic Bacteria: 



[0017] An antibacterial primer comprising a specific antibacterial polymerizable monomer and a volatile solvent is 
applied around the surface of a tooth, and then dried spontaneously or through dental air blowing so as to make a high 
concentration of the antibacterial polymerizable monomer on the tooth surface, thereby killing the bacteria having 
adhered on the surface of the tooth; and thereafter an adhesive composition that comprises an acid group-having 
w polymerizable monomer, a polymerizable monomer and a polymerization initiator is applied to the area of the tooth, and 
is cured along with the antibacterial monomer previously applied thereto thereby to form an antibacterial polymer layer 
having a high concentration at the interface between the tooth and the bonding material. In that condition, bacteria that 
may penetrate into the bonded interface are killed by the antibacterial polymer layer, and the polymer existing in the 
bonded interface keeps its antibacterial ability for a long period of time. 



(2) Technique of Enhancing Bonding Durability of Bonding Compositions: 

[0018] The adhesive composition noted above is composed of two compositions, one being an adhesive primer that 
comprises an acid group-having polymerizable monomer, a hydrophiiic polymerizable monomer and water, and the 

20 other being a bonding agent that comprises a polymerizable monomer and a polymerization initiator. The adhesive 
composion of this type is a so-called self-etching adhesive component. The photopolymerization initiator in the bonding 
agent contains both of an acylphosphine oxide compound and an a-diketone compound. The adhesive primer is first 
applied to a tooth and is cured along with the bonding agent within a short period of time to form a hard cured layer on 
the tooth by which the bonding durability of the cured layer to a tooth is enhanced. 

25 [001 9] Based on the techniques (1 ) and (2) as above, the present inventors have found that the bonding compositions 
according to the present invention significantly prevent the growth of cariogenic bacteria in the bonded area between 
tooth and a restorative dental material applied thereto and enhance the bonding strength, especially the bonding dura- 
bility between tooth and a restorative dental material applied thereto, as compared with conventional bonding compo- 
sitions. 

30 [0020] The present invention relates to an antibacterial bonding composition for dental use, which comprises (A) an 
antibacterial primer that comprises an antibacterial polymerizable monomer having an ethylenic unsaturated group and 
at least one cationic group selected from the group consisting of ammonium bases, pyridinium bases and phosphonium 
bases, and a volatile solvent and (B) an adhesive composition comprising an acid group-having polymerizable mono- 
mer, a polymerizable monomer, and a polymerization initiator. 

35 [0021 ] The invention is also a bonding composition for dental use, which comprises (P) an adhesive primer compris- 
ing an acid group-having polymerizable monomer, a hydrophiiic polymerizable monomer, and water, and (Q) a bonding 
agent comprising a polymerizable monomer, and polymerization initiator of an acylphosphine oxide compound and an 
a-diketone. 

[0022] The terminology "adhesive compositions" as referred to herein is meant to indicate an adhesive for bonding a 
40 restorative dental material to a tooth, and this includes an adhesive primer that is applied to a tooth or to a restorative 
dental material prior to bonding the tooth and the material so as to enhance the bonding strength between the two. Spe- 
cifically, the adhesive compositions in the invention encompass any combinations of two or more compositions that may 
be wrapped or packaged separately, for example, a combination of an adhesive primer and a bonding agent, or a com- 
bination of an adhesive primer and a resin cement. 
45 [0023] The antibacterial polymerizable monomer for use in the invention has an ethylenic unsaturated group and at 
least one cationic group selected from the group consisting of ammonium bases, pyridinium bases and phosphonium 
bases. For example, generally used are antibacterial polymerizable monomers of the following general formulae (I) to 
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II. b 



55 



wherein; 



4 



3/5/2006, EAST Version: 2.0.3.0 



EP0 980 682A1 



R 1 = HorCHj, 

R 2 = alkylene group having 2-25 carbon atoms, 

X= O.S.NH. 

10 -CH 2 0- or -OCH2-. 

a = 0or1, 

b = 0 or 1, 
Y = 



15 



20 



25 




so R 3 = Hor-(V) c -R 7 -W, 
R 4 , R 5 , R 6 = -{V) c -R 7 -W, 
V = O r S, NH, 



35 





-CH 2 0- or -OCH2-. 
40 R 7 = alkylene group having 1 -25 carbon atoms, 

W= H,CH 3 ,OHor 




45 



c = 0 or 1 , 

50 Z = anion. 



55 
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T 



(ID 



10 



wherein; 

T5 R 8 = HorCHa, 

R 9 = alkylene group having 2-25 carbon atoms, 

X= O. S. NH, 



20 






d = 

25 e = 
Y 1 = 



-CH2O- or -OCH 2 -, 

0or1, 

0or1, 



30 



or 



Z *R 11 
/ \ R 12 



R 10 = Hor-(V) r R 13 -W, 
R 11 ,R 12 = -{V) f -R 13 -W, 
V= O, S, NH, 
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f = OoM, 
Z = anion. 



10 



15 



* 14 + \r« 



o 





20 

wherein; 

R 14 = HorCHa, 

R 15 = alkylene group having 2-25 carbon atoms, 

25 X= O.S.NH. 



so 



-CH 2 0-orOCH 2 -, 
g= OoM, 
h = 0or1, 
35 R 16 ,R 17 , R 18 = -(V) r R 19 -W, 
V= 0, S, NH, 



40 



-CH 2 0- or -OCH 2 -, 
R 19 = alkylene group having 1 -25 carbon atoms, 

45 W= H,CH 3 ,OHor 







o — 



50 



55 



i = Oor1, 
Z = anion. 
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R 20 Z" 
CH 2 i-C-A-R^B 1 ] r R a {B 2 }HQf5-R 23 (IV) 



10 



wherein; 




R 20 = 


Hor CH3, 


15 R 21 ,R 22 = 


alkylene group having 1-25 carbon atoms, 


i = 


0or1, 


k = 


0or1. 


A = 


0. S. NH, 



20 



30 



35 



40 



45 



50 



55 




— 0 





25 -CH2O- or -OCH 2 -, 

B 1 . B 2 = -CO, -COO-. -OCa, -0-, -S-, -NHCOO- or -OCONH-, 

R23 s -(V)p-R 24 -W 1 , 

V = O. S. NH, 






-CH20-or-OCH 2 -, 
R 24 = alkylene group having 1 -25 carbon atoms, 

W 1 - H. CH 3 , OH, 



-<0> 



p = 0or1, 
Z = anion. 

[0024] Specific examples of the compounds of formula (I) include the following: 
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f 



CH^C-COO-^CHay^-N^ ^-(-CHz)— H 



n =2-25 
m =0-24 



CH2=C-C0O -^CH2)jj-N^ ^ 



( n = 2 - 2S ) 



B 1 



CH^COO-fcHa)— V \ ( n = 2 - 25 ) 

\ ) 



CH2=C-COO-fcH 2 )— N<J r / n = 2 - 25 \ 

^ 'n \l CH 2/ m CHa \ m - 0 - 24 y 

I CHa)-CH3 



'm 

CH 3 



^^l^^Kr 0 * ( m.: 2 o*24 ) 



R 1 z _ Z" 

)-rCHal— N V (v .Wr-Chfcr 



CH^C-COO^CH^N ^ d / ^CH 2 j-~CH 3 

/ n = 2 - 25 \ 
\ m = 0 - 24 / 

R 1 = H , CH 3 

Z = F , CI , Br , I ,1/2 PO4, 1/2 S0 4 , CH3-SO3. CH 3 COO, 
CH3 0 

1/2 CH^CXXDO-fchW 9—0 

\ MO | 
0 



[0025] Specific examples of the compounds of formula (II) include the following: 
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10 



CIVOCOO-^CHa) — n; 



1 z* 



^CH 2 )— CH 3 



(:-. 



= 2-25 
0 - 24 



R' 
I 



CH2=C-COO^CH 2 j- 



z* 



■OWr* ( 



n =2-25 
m =0-24 



15 



R 

( 



CH2=C-COO -^CH 2 j— N / ^ ^ / YjyCH 2 ]— OCO-C=CH 2 



20 



25 



30 




2 ICH 2 7— CH 3 



n = 2 - 25 \ 
m = 0 - 24 J 



R 1 = H . CH 3 



40 



2=F,CI,Br , I ,1/2 P0 4 , 1/2 S0 4 , CH3-SO3, CH 3 COO, 

CH 3 O 
I / \ II 

1/2 CH2=C-COO— rCH 2 x 



0 



p— 0 



45 

[0026] Specific examples of the compounds of formula (III) Include the following: 



50 



55 
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R 1 Z /CH3 



CHa^-COO-^CHa)— P^— CH3 ( n =2-25 ) 
" ^CH 3 



R 1 Z XH2CH3 



CH 2 =C-COO-[CH2)— P^— CH 2 CH 3 • n = 2 - 25 J 



^CH2CH3 



R 1 I CH3 

CH 2 =C-C0O — rCH 2 ) — — CH 2 CH 3 




CH 2 f \ 



( n = 2 - 25 ) 

R 1 = H , CH 3 

Z = F , CI , Br , I ,1/2 PO + . 1/2 S0 4 , CH3-SO3 , CH 3 COO, 
CH 3 o 
1/2 CH^C-COO-icHa)- j?— O 



'10 

O 



[0027] Specific examples of the compounds of formula (IV) include the following: 
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CH^C-COO ^HaJ-OCO-^J^C^)— 



Z' 

N 

CH a 



CH2=c-coo -^ch 2 ^ocnh-^~^n{-ch 2 }— CH 3 



R 1 Z " 
CH2=OCONH-^CH 2 )-OCNH-/ X n| C H 2 )— CH3 



CH2=icOO-(cH 2 )— O— ^Jn^-ch 2 )— ■ 



2* 

\ 

CH 3 



n =2-25 
m =0-24 



z- 

n = 2 - 25 

\— / "\ " %n V m = 0 - 24 



n =2-25 

\_ / \~'*' m ~ " d \ m = 0 - 24 



n =2-25 
m =0-24 



H 

CH2=C-COO-^CH 2 )- OCO-CH2CH2-COO-CH2 —^^N^CHs)— CH 3 



m 

n =2-25 
m =0-24 



R 1 



CH^C-COO^CHaj-O-CHa-f^Nf CH 2 }-CH 3 ( n = 2 " 25 
V y n \ — / v 'm I m = 0 - 24 



R 1 = H . CH 3 

Z = F , CI , Br , I ,1/2 P0 4 . 1/2 S0 4 , CH3-SO3 , CH3COO, 
CH 3 O 

T 

o 



CH 3 O 

1 / \ I! 

1/2 CH 2 =C-COO-fCH 2 J f= — 0 

^ '10 I 



[0028] Among them, preferred are antibacterial polymerizable monomers having an alkylene group with 1 0 or more 
carbon atoms, as exhibiting good antibacterial properties. For example, they include methacryloyloxydodecylpyridinium 
salts, methacryloyloxyhexadecylpyridinium salts, methacryloyloxydecyltriethylammonium salts, 4-hexadecylmethacry- 
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loyloxyethytpyridinium salts, methacryloyloxyettiylhexadecylbipyridiniurn salts, metriacryloytaxydodecyltrime- 
thytphosphonium salts, methacryloyloxyoctadecyttriethylphosphonium salts, 4-methaayoyioxyethyldodecylpyridinium 
salts, di(4^nylbenzy0hexadec^methyiammon!um salts, di(rnethattytoytaxyethyl#^ salts. 
methacrytoylOKyethyl(4-N-hexade^ succinate halides, etc. 

5 [0029] In those antibacterial polymerizable monomers, the anions that shall be paired with the ammonium cation, the 
pyridinium cation and the phosphonium cation are not specifically defined. They include, for example, halides such as 
F, CT. Br, r ; anions derived from inorganic acids such as PO4 3 -. HPO^, H2PO4 . NaP0 3 2 '. Na 2 P0 4 -. S0 4 2 \ HS0 4 \ 
KSO4*. N0 3 *. etc.; anions derived from organic acids such as methanesulfonic acid, acetic acid, propionic acid, benzoic 
acid, phenol, p-toluenesutfonic acid, maleic acid, oxalic acid, citric acid, etc.; and also anions derived from polymeriza- 

10 We acidic compounds that will be mentioned hereinunder. They further include anions derived from Brensted acids such 
as AlFs 3 -. AsFe", BF 4 ", BiCI 4 2 '.. BiCl3 2 \ SbCI 6 \ SbF 6 ' PF 6 \ GaCU" lnF 4 \ TiF$ 2 ", ZrF 6 \ FeC»4 SnCI 6 \ etc. Of those, pre- 
ferred are halides. These anions are paired with the cations, either singly or as combined. 
[0030] One or more such antibacterial polymerizable monomers are used herein either singly or as combined. 
[0031] The amount of the antibacterial polymerizable monomer to be in the antibacterial primer may generally fail 

15 between 0.000001 % by weight and 50 % by weight preferably between 0.001 % by weight and 30 % by weight more 
preferably between 0.01 % by weight and 1 0 % by weight based on the total weight of the primer. 
[0032] in the invention, the volatile solvent in the antibacterial primer shall have the ability to dissolve the antibacterial 
polymerizable monomer. 

[0033] The solvent includes, for example, volatile organic solvents having a boiling point at ordinary pressure of not 
20 higher than 250°C, water, their mixtures. The volatile organic solvents include alcohols such as methanol, ethanol, 2- 
ethylbutanol, isopropanol; ketones such as acetone, methyl ethyl ketone. 2-butanone, 3-pentanone; ethers such as die- 
thyl ether, n-butyl ether, 1,4-dioxane. tetrahydrofuran; as well as ethyl acetate, toluene, xylene, p-cymene, hexane, 
octane, pentane, methylene chloride, 1 ,2-dichloroethane, methyl methacrylate. 

[0034] Of those, preferred are volatile organic solvents having a boiling point at ordinary pressure of not higher than 
25 100°C, such as ethanol, acetone. One or more of those solvents may be used either singly or as combined. 

[0035] The amount of the solvent to be in the antibacterial primer may generally fall between 50 % by weight and 
99.999999 % by weight, preferably between 70 % by weight and 99.999 % by weight, more preferably between 90 % 
by weight and 99.99 % by weight, based on the total weight of the primer. 

[0036] As the case may be, it is often desirable to add a polymerization initiator to the antibacterial primer in the inven- 
30 tion that comprises an antibacterial polymerizable monomer and a volatile solvent such as those noted above, for the 
purpose of more firmly curing the antibacterial polymerizable monomer. The polymerization initiator is not specifically 
defined, and may be any and every one known in the art 

[0037] Photopolymerization initiators may be used, including, for example, a-diketone/reducing agent, ketal/reducing 
agent thioxanthone/reducing agent, etc. Examples of the a-diketone include camphorquinone, benzil, 2,3-pentanedi- 

35 one. etc. Examples of the ketal include benzyidimethyl ketal, benzyldiethyl ketal, etc. Examples of the thioxanthone 
include 2-chlorothioxarrthone, 2,4-diethylthioxanthone. etc. Examples of the reducing agent include tertiary amines 
such as 2-(dimethy1amino)ethyl methacrylate, N,N-bis[(meth)acryloyloxyethyl]-N-methylamine, ethyl 4-dimethylami- 
nobenzoate, butyl 4-dimethylaminobenzoate. butoxyethyl 4^imethylaminobenzoate, N-methyldiethanolamine. 4- 
dimethylaminobenzophenone, dimethylaminophenanthol. etc. aldehydes such asdimethylaminobenzaldehyde, tereph- 

40 thalaldehyde, etc.; thiol group-having compounds such as 2-mercaptobenzoxazole, decanethiol. 3-mercaptopropyltri- 
methoxysilane. thiobenzoic acid, etc. To photopolymerization through UV exposure, favorable are benzoin alkyl ethers, 
benzyidimethyl ketal, etc. 

[0038] Also preferably used are acylphosphine oxide compounds, which include, for example, 2,4,6-trimethylben- 
zoyldiphenylphosphine oxide, 2,6<limethoxybenzoyldiphenylphosphine oxide, 2,6<lichlorobenzoyldiphenylphosphine 
45 oxide, 2,3,5,6-tetramethylbenzoyldiphenylphosphine oxide, benzoyldi-(2.6-dimethylpheny0 phosphonate, 2,4,6-trimeth- 
ylbenzoylethoxyphenylphosphine oxide, as well as water-soluble acylphosphine oxides such as those disclosed in JP- 
B-3-57916. These acylphosphine oxide compounds may be used either singly or as combined with a reducing agent of, 
for example, various amines, aldehydes, mercaptans, salts of suff inic acids, etc. 

[0039] One or more as combined of these photopolymerization initiators and reducing agents may be used herein. 

so The amount of the photopolymerization initiator and the reducing agent to be in the antibacterial primer may generally 
fall between 0.0001 % by weight and 20 % by weight preferably between 0.01 % by weight and 10 % by weight, more 
preferably between 0.1 % by weight and 5 % by weight, based on the total weight of the antibacterial primer. 
[0040] Chemical polymerization initiators are also employable herein, which are preferably redox polymerization ini- 
tiators. Where such a redox polymerization initiator is used for the antibacterial primer that constitutes the bonding com- 

55 position of the invention, the antibacterial primer must be divided into at least two parts which are separately wrapped 
or packaged and which separately contain either one of the oxidizing agent and the reducing agent for the initiator. How- 
ever, in practical use of the antibacterial bonding composition of the invention, the antibacterial primer shall be all the 
time combined with the other constituent component of the adhesive component Therefore, in the composition, the oxi- 
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dizing agent and the reducing agent for the initiator may be separately incorporated into the antibacterial primer and the 
adhesive component 

[0041 ] The oxidizing agent may be an organic peroxide, including, for example, diacyl peroxides, peroxy esters, dialkyl 
peroxides, peroxy ketais, ketone peroxides, hydroperoxides, etc. Concretely, the diacyl peroxides include benzoyl per- 
oxide, 2,4-dichlorobenzoyt peroxide, m-toluoyl peroxide, eta 

[0042] The peroxy esters include, for example, t-butyt peroxy benzoate, bis-t-butylperoxy isophthalate, 2,5-dimethyl- 
2,5-bis(benzoytperaxy)hexane, t-butytperoxy 2-ethyihexanoate, t-butyiperoxyiscpropyl carbonate, etc. 
[0043] The dialkyl peroxides include, for example, dicumyi peroxide, di-t-butyl peroxide, lauroyl peroxide, etc. 
[0044] The peroxy ketais include, for example, 1 ,1*is(t-butylperoxy)^.3,5-trimethylcyclohexane, 2,2-bis(t-butyIper- 
oxy)butane, 1,1-bis(t-butytperaxy)cyclohexane. etc. 

[0045] The ketone peroxides include, for example, methyl ethyl ketone peroxide, cyclohexanone peroxide, methyl 
acetacetate peroxide, etc. 

[0046] The hydroperoxides include, for example, t-butyt hydroperoxide, cumenehydroperoxide, p-diisopropylbenzene 
peroxide, etc. One or more these oxidizing agents may be used either singly or as combined. 
[0047] As the reducing agent preferred are aromatic tertiary amines, aliphatic tertiary amines, as well as suff inic acids 
and their salts. 

[0048] The aromatic tertiary amines include, for example, N.N-dimethylaniline, N.N-dimethyl-p-toluidine. N.N-dime- 
thyl-m-toluidine, N,N-die*hyi-p-toluidine, N.N-dimethyl-3,5-dimethytaniline, N,N-dimethyl-3,4-dimethylaniline, N,N-dime- 
thyl-4-ethylaniline. N.N-dimethyl-4-i-propylaniline. N.N-dimethyl-4-t-butylaniline, N,N-dimethyl-3.S<!i-t-butylaniline, N.N- 
di(2-hydroxyethyl)-r>toluidine, N,N<fi(2-hydroxyethyl)-3,5-dimethylaniline, N,N-di(2-hydroxyethy1)-3,4-dimethylaniline, 
N ( N-di(2-hydroxyethyl)-4-ethyianiline, N,NKji(2-riydroxyetrryl)-4H-propylaniline, N l N-di(2-hydroxyethyl)-4-t-butylani!ine i 
N,NKJi(2-hydroxyethyl)-3,5<li-i-propylaniline. N,N4)is(2-hy*oxyethyl)-3,5Hii-t-butylaniline, ethyl 4-dimethylaminoben- 
zoate. n-butoxy ethyl 4-dimethylaminobenzoate. (2-methacrytoyioxy)ethyl 4-dimethylaminobenzoate, etc. 
[0049] The aliphatic tertiary amines include, for example, trimethytamine. triethytamine. N-methyldiethanolamine, N- 
ethyldiethanolamine, N-n-butyWiethanolamine, N-lauryWiethanolarnine, triethanolamine, (2-dimethylami no) ethyl meth- 
acrylate, N-methyWiethanolamine dimethacrylate, N-ethyldiethanolamine dimethacrylate, triethanolamine monometh- 
acrylate, triethanolamine dimethacrylate, triethanolamine trimethacrylate, etc. 

[0050] The sulf inic acids and their salts include, for example, benzenesutf irric acid, sodium benzenesutfinate. potas- 
sium benzenesulfinate, calcium benzenesutfinate, lithium benzenesutfinate, toluenesulfinic acid, sodium toluenesulf i- 
nate, potassium totuenesulf inate, calcium toluenesutf inate, lithium toluenesulf inate, 2,4,6-trimethylbenzenesulfinic add, 
sodium 2,4.6-trimethytbenzenesutfinate, potassium 2,4,6-trimethylbenzenesulfinate, calcium 2,4,6-trimethyibenze- 
nesulfinate, lithium 2.4,6-trimethytbenzenesutfinate, 2,4.6-triethylbenzenesulfinic acid, sodium 2,4,6-triethylbenze- 
nesutfinate. potassium 2,4,6-triethylbenzenesulfinate, calcium 2,4,6-triethylbenzenesutfinate. 2,4,6-i- 
propylbenzenesutfinic acid, sodium 2,4,6-i-propylbenzenesulfinate. potassium 2,4,6-i-propylbenzenesuffinate, calcium 
2.4.6-i-propylbenzenesulfinate. etc. 

[0051 ] One or more of these reducing agents may be used either singly or as combined. 

[0052] The amount of the oxidizing agent and the reducing agent to be in the bonding composition of the invention 
may generally fall between 0.0001 % by weight and 20 % by weight, preferably between 0.01 % by weight and 1 0 % by 
weight more preferably between 0.1 % by weight and 5 % by weight, based on the total weight of the antibacterial 
primer that constitutes the compositions. 

[0053] The antibacterial primer in the invention may optionally contain inorganic acids such as phosphoric acid, nitric 
acid, etc.. organic acids such as maleic acid, citric acid, etc.. as well as polymerization inhibitors, antioxidants, UV 
absorbents, pigments, dyes and other additives, in addition to the components noted above. Any additional polymeriz- 
able monomer may also be incorporated into the antibacterial primer, so far as it does not significantly interfere with the 
antibacterial capabilities of the primer. The amount of the additional polymerizable monomer, if any, in the antibacterial 
primer could be generally at most 30 % by weight preferably at most 10 % by weight based on the total weight of the 
antibacterial primer. Having anticarious capabilities, a fluorine compound such as sodium fluoride may be incorporated 
in the primer. 

[0054] The antibacterial primer in the invention may further contain a filler. The filler may be any of organic, inorganic 
or even composite fillers. The inorganic fillers include, for example, silica, silica-based minerals such as kaolin, clay, 
mica, etc.; and silica-based ceramics and glass additionally containing any of Al 2 0 3 , B^, Ti0 2 , Zr0 2 , BaO, La 2 0 3 , 
S1O2. CaO, P 2 0 5 , etc. Especially preferred are lanthanum glass, barium glass, strontium glass, soda glass, lithium 
borosilicate glass, zinc glass, fluoroaluminium borosilicate glass, borosilicate glass, bioglass, etc. Also preferred are 
crystalline quartz, hydroxyapatite, alumina, titanium oxide, yttrium oxide, zirconia, calcium phosphate, barium sulfate, 
aluminium hydroxide, etc. 

[0055] The organic fillers may be of organic resin, including, for example, polymethyl methacrylate, polymers of poly- 
functional methacryiates, polyamides. polystyrenes, polyvinyl chloride, chloroprene rubber, nrtrMe rubber, styrene-buta- 
diene rubber, etc. 



14 



3/5/2006, EAST Version: 2.0.3.0 



EP0 980 682A1 



[0056] Also employable herein are inorganic/organic composite fillers, which may be prepared by dispersing an inor- 
ganic filler in an organic resin, or by coating an inorganic filler with an organic resin. 

[0057] If desired, the fillers may be previously subjected to surface treatment with any known surface-treating agent 
such as a silane coupling agent or the like. The surface-treated fillers are effective for controlling the fluidity of the anti- 
bacterial primer and for enhancing the dispersfoility thereof. Trie surface-treating agent includes, for example, vinyttri- 
methoxysilane, vinyttriethoxysilane. vinyltrichlorosilane, ^rryttri(p-methbxyethoxy) silane, r^ethacryloyloxypropyl- 
trirnethoxysilane, rglyddoxypropyttrimethoxysilane. rmercaptopropyttrimethoxysilane, y-aminopropyrtriethoxysilana 
[0058] One or more those fillers may be used either singly or as combined. The amount of the f flier, if any, in the anti- 
bacterial primer is generally at most 30 % by weight preferably at most 10 % by weight, based on the total weight of 
the primer. As the filler, more preferred is colloidal silica having a mean particle size of at most 0.1 urn. 
[0059] The acid group-having polymerizable monomer to be in the adhesive composition in the invention is a polym- 
erizable monomer which has an acid group of. for example, a phosphoric acid residue, a pyrophosphoric acid residue, 
a thiophosphoric acid residue, a carboxylic acid residue, a sulfonic acid residue or the like, and has a polymerizable 
unsaturated group of. for example, an acryloyl group, a methacryloyl group, a vinyl group, a styrene group or the like. 
Specific examples of the monomer are mentioned below. 

[0060] The terminology "(meth)acryr as referred to herein is meant to indicate both "methacryT and "acryl". 
[0061 ] The polymerizable monomers having a phosphoric acid residue include, for example, 2-(meth)acryfoylaxyethyl 
dihydrogenphosphate, 4-(meth)acryloyloxybutyl dhydrogenphosphate. 6-{meth)acryloyloxyhexyl dihydrogenphos- 
phate. 8-(meth)acryloyioxyoctyl dihydrogenphosphate, 9-(meth)acryloyloxynonyl dihydrogenphosphate, 10-{meth)acry- 
loyloxydecyl dihydrogenphosphate, 11-(meth)acryloyloxyundecyl dihydrogenphosphate, 20-(meth)acryloyloxyeicosyl 
dihydrogenphosphate, 1 ,3Kii(meth)acryloyloxypropyl-2 dihydrogenphosphate, 2-(meth)acryloyloxyethylphenyl phos- 
phate, 2-(meth)acryloyloxyethyl-2 , -bromoethyl phosphate, (meth)aayloyloxyethytphenyl phosphonate, and their acid 
chlorides. 

[0062] The polymerizable monomers having a pyrophosphoric acid residue include, for example, cfi(2-(meth)acryloy- 
loxyethyl) pyrophosphate. d(2-(meth)acrytoyloxybutyl) pyrophosphate. di(2-{meth)acryloyloxyhexyl) pyrophosphate, 
di(2-(meth)acryloytoxydecyl) pyrophosphate, and their acid chlorides. 

[0063] The polymerizable monomers having a thiophosphoric acid residue include, for example, 2-(meth)acryloy- 
loxyethyl dihydrogendithiophosphate, 10-<meth)acryloylaxydecyl dihydrogendithiophosphate. and their acid chlorides. 
[0064] The polymerizable monomers having a carboxylic acid residue include, for example, maleic acid, maleic anhy- 
dride, 4-{meth)acryloyloxye1hoxycarbonylphthalic acid, 4-(meth)acryloyloxyethoxycarbonylphthalic anhydride, 5- 
(meth)acr^oylaminopentylcarboxylic acid. 11-(meth)aciyloyloxy-1.1-unde(^edicarboxylic acid, and their acid chlo- 
rides. 

[0065] The polymerizable monomers having a sulfonic acid residue may be compounds having a sulfonic acid group, 
such as, for example, 2-(meth)acrylamido-2-methylpropanesulfonic acid, styrenesurfonic acid. 2-suHoethyl (meth)acr- 
ylate, etc. 

[0066] One or more those acid group-having polymerizable monomers may be used herein either singly or as com- 
bined. 

[0067] The amount of the acid group-having polymerizable monomer to be in the adhesive component may generally 
fall between 0.1 % by weight and 80 % by weight preferably between 1 % by weight and 60 % by weight, based on the 
total weight of the adhesive composition. 

[0068] The other polymerizable monomer which is also in the adhesive composition in the invention includes, for 
example, esters of a-cyanoacrylic acid, (meth)acrylic acid, a-halogenoacrylic adds, crotonic acid, cinnamic acid, sorbic 
add, maleic acid, itaconic acid and the like; as well as (meth)acrylamide, (meth)acrylamide derivatives, vinyl esters, 
vinyl ethers, mono-N-viny! derivatives, styrene derivatives, etc. Of those, preferred are (meth)acrylates. Examples of the 
polymerizable monomers are mentioned below. 

[0069] The terminology "monof unctional monomer as referred to herein is meant to indicate a monomer having one 
olefinic double bond. 

(i) Monofunctional Monomers: 

[0070] They indude, for example, methyl (meth)acrylate, iso-butyl (meth)acrylate, benzyl (meth)acrylate, lauryl 
(meth)acrylate, 2-(N,N-dimethylamino)ethyl (meth)acrylate, 2,3-dibromopropyl (meth)acrylate, 3-methacryloyloxypro- 
pyrtrimethoxysilane, 2-hydroxyethyl (meth)acrylate, 6-hydroxyhexyl (meth)acrylate. 10-hydroxydecyl (meth)acrylate, 
propylene glycol mono(meth)acrylate, glycerin mono(meth)acrylate, erythritol mono(meth)acryIate, N-methy- 
ld(meth)acrylamide. N-hydroxyethyl(meth)acrylamide, N,N-(dihydroxyethyl)(meth)acrylamide, (meth)acryloyloxydo- 
decylpyridinium bromide, (meth)aayloyloxydodecylpyridinium chloride, (memjaayloyloxyhexadecylpyridinium 
bromide, (meth)acryloyloxyhexadecylpyridinium chloride. 
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(0) Dlfunctional Monomers: 

[0071] They include, for example, ethylene glycol di(meth)acrylate, Methylene glycol di(meth)acrylate, polyethylene 
glycol dKmethJacrylate, propylene glycol di(meth)acryiate, neopentyl glycol di(meth)acryiate. 1,6-hexanediol 
di(meth)acrylate. 1.10-decanecfiol di(meth)acry!ate, bisphenol A diglyddyl(meth)acrylate, 2.2-bis{4*{meth)acryloy- 
laxyethoxyphenyOpropane. 2,2-bis[4-(meth)aciyioy1oxy^^ 2,2-bis{4-[3-(meth)acryloy1oxy-2- 
hydroxypropoxy]phenyllpropane f 1 ,2-bis[3-(rneth)acryloyloxy-2-h^^ pentaerythritol di(meth)acr- 

ylate, 1 ,2^is(3^ethacryic)y1ffi(y-2-hydrQxypropoxy)ethane. [2,2,4-trimethylhexamethylenebfe^^ 
dimethacrytate. 

(fii) TrifunctionaJ or Higher Polyfunctional Monomers: 

[0072] They include, for example, trimethylolpropane tri(meth)acrylate, trimethytol ethane tri(meth)acrylate. tetrame- 

thylolmethanetri(meth)acrylate, pentaerythritol tetra(meth)acrylate, N,NH2,2,4-trimetriylhexamethylene)bis{2Kaminoc- 

arboxy)propane-1,3-diol] tetramethacrylate. 1,7-diacryloytaxy-2,2,6,6-tetra^^ 

[0073] One or more those poiymerizabJe monomers may be used either singly or as combined. 

[0074] The amount of the polymerizable monomer to be in the adhesive composition may generally tall between 5 

and 95 % by weight, preferably between 30 and 90 % by weight more preferably between 40 and 80 % by weight. 

based on the total weight of the adhesive component. 

[0075] The polymerization initiator in the adhesive composition in the invention is incfispensable for curing both the 
adhesive component and the antibacterial primer, but is not specifically defined. Any and every polymerization initiator 
known in the art is usable herein with no limitation. The polymerization initiator may be any of photopotymerization ini- 
tiators and/or chemical polymerization initiators. 

[0076] For the photopolymerization initiators usable in the adhesive component, referred to are those mentioned here- 
inabove for the antibacterial primer. The same as in the antibacterial primer mentioned hereinabove could also be in the 
adhesive component Especially preferred for the adhesive component is a combination of a-diketone/acylphosphine 
oxide/reducing agent. 

[0077] One or more photopolymerization initiators and also reducing agents may be used either singly or as com- 
bined. The amount of the photopolymerization initiator and the reducing agent to be in the adhesive composition may 
generally fall between 0.01 and 20 % by weight, preferably between 0.1 and 5 % by weight based on the total weight 
of the adhesive composition. 

[0078] Actually in dental use of the adhesive ccjrnposition of the invention in which the adhesive composition will be 
exposed to the ambient light the composition must be protected from being thickened, gelled or cured owing to the 
ambient light within a short period of time. For this, it is desirable that the total amount of the acytphosphine oxide com- 
pound and the a-diketone compound is limited to fall between 1 % by weight and 6 % by weight. More preferably, the 
ratio of the acylphosphine oxide compound to the a-diketone compound in the adhesive composition is so defined that 
the latter is from 0.01 parts by weight to 0.5 parts by weight based on one part by weight of the former. In the defined 
ratio, the adhesive composition is stable even in the ambient light and its photocurability is high. 
[0079] Chemical polymerization initiators are also employable herein, which are preferably redox polymerization ini- 
tiators. Where such a redox polymerization initiator is used for the adhesive composition, the adhesive composition 
must be divided into at least two parts which are separately wrapped or packaged and which separately contain either 
one of the oxidizing agent and the reducing agent for the initiator. However, where the adhesive composition is com- 
bined with the antibacterial primer noted above to constitute the antibacterial bonding compositions of the invention, 
any one of the oxidizing agent and the reducing agent for the initiator may be incorporated in either the antibacterial 
primer or the adhesive composition. In that case, the adhesive composition could be in the form of a single package. 
[0080] For the oxidizing agents and the reducing agents usable in the adhesive composition, referred to are those 
mentioned hereinabove for the antibacterial primer. The same as in the antibacterial primer could also be in the adhe- 
sive composition. 

[0081 ] One or more oxidizing agents and reducing agents may be used either singly or as combined. The amount of 
the oxidizing agent and the reducing agent to be in the adhesive component may generally fall between 0.01 and 20 % 
by weight, preferably between 0.1 and 10 % by weight, based on the total weight of the adhesive composition. 
[0082] The adhesive composition in the invention may optionally contain a filler, which is for improving the handlability, 
the coatability and the mechanical strength of the composition. For examples of the filler, referred to are those of inor- 
ganic fillers, organic fillers, inorganic/organic composite fillers mentioned hereinabove for the antibacterial primer. The 
same as in the antibacterial primer mentioned hereinabove could also be in the adhesive composition. 
[0083] One or more such fillers may be used either singly or as combined. The amount of the filler, if any, in the adhe- 
sive composition is generally at most 70 % by weight preferably at most 50 % by weight, based on the total weight of 
the adhesive composition. Where the adhesive composition contains an organic solvent or water, the amount of the 
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filler therein is preferably at most 30 % by weight. As the filler, especially preferred is colloidal silica having a mean par- 
ticle size of at most 0.1 urn. 

[0084] The adhesive composition in the invention may optionally contain polymerization inhibitors, antioxidants, UV 
absorbents, pigments, dyes and other additives, in addition to the ingredients noted above. Having anti carious capabil- 
ities, a fluorine compound such as sodium fluoride may be incorporated in the adhesive composition. 
[0085] Preferably, the adhesive composition of the present invention is divided into plural parts, for example, as a com- 
bination of an adhesive primer and a bonding agent or a combination of an adhesive primer and a resin cement The 
adhesive composition that is in the form of such combinations is preferred, because its bonding strength to tooth is 
much increased. More preferably, the divided parts of the adhesive composition selectively contain specific ingredients, 
as mentioned below. 

A) Adhesive Primer: 

[0086] Preferably, the adhesive primer comprises an acid group-having polymerizable monomer such as that men- 
tioned hereinabove fin an amount of from 5 % by weight to 50 % by weight), a hydrophilic polymerizable monomer hav- 
ing a solubility in water at 25°C of at least 5 % (in an amount of from 20 % by weight to 95 % by weight), and water (in 
an amount of from 5 % by weight to 70 % by weight)- Comprising them, the adhesive primer exhibits improved penetra- 
bility into tooth and also improved adhesiveness to tooth. More preferably, the adhesive primer further contains a polym- 
erization initiator (in an amount of from 0.1 to 5 % by weight). 

[0087] For specific examples of the constituent ingredients in the adhesive primer, referred to are those concretely 
mentioned hereinabove. In particular, as the hydrophilic polymerizable monomer, preferred are 2-hydroxy ethyl methacr- 
ylate, 3-hydroxypropylmethacrylate, polyethylene glycol dimethacrylate (in which the number of oxyethylene groups is 
at least 9). 

B) Bonding Agent: 

[0088] The bonding agent comprises a polymerizable monomer and a polymerization initiator, and this is for further 
enhancing the curing of the antibacterial primer and also the adhesive primer noted above(these primers are applied to 
a tooth prior to the bonding agent), thereby increasing the boncfing strength of the adhesive composition of the invention 
to a tooth. More preferably, the bonding agent contains an acid group-having polymerizable monomer such as that men- 
tioned above (in an amount of from 1 % by weight to 30 % by weight) and/or a filler (in an amount of from 1 % by weight 
to 30 % by weight). The polymerization initiator to be in the bonding agent is preferably a photopolymerization initiator. 
[0089] In the adhesive composition of the invention, in which the adhesive composition is divided into two parts of an 
adhesive primer and a bonding agent, the photopolymerization initiator to be in the bonding agent is preferably a com- 
bination of an acylphosphine oxide compound and an a-diketone compound. In the preferred case, the adhesive primer 
and the bonding agent can be firmly cured within a short period of time to give a cured product having increased bond- 
ing strength, especially increased bonding durability. 

[0090] The acylphosphine oxide compounds include, for example. 2,4,6-trimethylbenzoyldiphenylphosphine oxide, 
2,6-diethylbenzoyldiphenylphosphine oxide, 2,6-dimethoxybenzoyldiphenylphosphine oxide, 2,6-dichlorobenzoyldiphe- 
nytphosphine oxide, 2.3,5,6-tetrametfrylbenzoyidiphenylphosphine oxide, benzoyldi-(2,6-dimethylphenyl) phosphonate, 
2,4,6-trimethylbenzoylethoxyphenylphosphine oxide, as well as water-soluble acylphosphine oxides such as those dis- 
closed in JP-B-3-57916. 

[0091] The a-diketone compounds include, fa example, camphorquinone, benzil, 2,3-pentanedione. 
[0092] The amount of the acylphosphine oxide compound to be in the bonding agent may generally fall between 0.5 
% by weight and 1 0 % by weight preferably between 1 % by weight and 7 % by weight more preferably between 2 % 
by weight and 5 % by weight, based on the total weight of the bonding agent. The amount of the a-diketone compound 
to be in the bonding agent may generally fall between 0.01 % by weight and 5 % by weight, preferably between 0.05 % 
by weight and 3 % by weight more preferably between 0.1 % by weight and 1 .5 % by weight, based on the total weight 
of the bonding agent 

[0093] In general, the acylphosphine oxide compounds and the a-diketone compounds are combined with a reducing 
agent of, for example, amines, aldehydes, mercaptans or salts of sulf inic acids, as their ability to promote photopolym- 
erization reaction is enhanced. For specific or preferred examples of the reducing agent referred to are those men- 
tioned hereinabove. The amount of the reducing agent to be in the bonding agent may generally fall between 0.5 % by 
weight and 10 % by weight, preferably between 0.1 % by weight and 5 % by weight, based on the total weight of the 
bonding agent. 

[0094] Actually in dental use of the bonding agent of the invention in which the bonding agent will be exposed to the 
ambient light, the bonding agent must be protected from being thickened, gelled or cured owing to the ambient light 
within a short period of time. For this, it is desirable that the total amount of the acylphosphine oxide compound and the 
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a-diketone compound in the bonding agent is limited to fall between 1 % by weight and 6 % by weight. More preferably, 
the ratio of the acylphosphine oxide compound to the a-diketone compound in the bonding agent is so defined that the 
latter is from 0.01 parts by weight to 0.5 parts by weight based on one part by weight of the former. In the defined ratio, 
the bonding agent is stable even in the ambient light and its photocurability is high. 
5 [0095] If desired, the boncGng agent may further contain any other photopolymerization initiators and/or chemical 
polymerization initiators, in addition to the acylphosphine oxide compound and the a-diketone compound. For examples 
of the photopolymerization initiators and the chemical polymerization initiators, referred to are those mentioned herein- 
above. 

10 C) Resin Cement: 

[0096] The resin cement comprises a polymerizable monomer, a polymerization initiator and a filler, and this is for 
further enhancing the curing of the antibacterial primer and also the adhesive primer thereby to increase the bonding 
strength of the adhesive composition of the invention to a tooth and also to increase the abrasion resistance of the resin 

is cement itself. More preferably, the resin cement contains an acid group-having polymerizable monomer such as that 
mentioned above (in an amount of from 1 % by weight to 20 % by weight), as the monomer is effective for much more 
enhancing the bonding strength of the composition of the invention. The amount of the filler to be in the resin cement is 
preferably from 40 % by weight to 80 % by weight As the filter/preferred is X-ray opaque, such as barium glass. 
[0097] The adhesive composition of the invention is used in such a manner that the antibacterial primer in the com- 

20 positions is first applied to the surface of a tooth, then the adhesive composition is applied on it, and the two are cured 
thereon. Concrete modes of using the adhesive composition are mentioned below, which, however, are not limitative. 

(1) Direct restoration and repairing with composite resin: 

[0098] The antibacterial primer of the invention is applied to the cavity formed in a tooth. Then, this is left as such or 
forcedly dried with a dental air syringe to remove the volatile solvent Next, the adhesive composition of the invention is 
applied on this, and left as such for a while, or if desired, the coated area is blown with a dental air syringe. In that con- 
dition, the ingredients in the coated area are cured. Where the adhesive composition is composed of two divided parts 
of an adhesive primer and a bonding agent, the adhesive primer is first applied to the intended area, then left as such 
for a predetermined period of time, and thereafter subjected to air blowing. Next, the bonding agent is applied to that 
area, and the ingredients are cured. The curing may be effected in any desired manner of photopolymerization, chem- 
ical polymerization or dual curing of photopolymerization and chemical polymerization (hereinafter photo/chemical 
polymerization). Preferred is photopolymerization for which is used an irradiator, or dual curing polymerization, as being 
easy to operate. 

[0099] After the adhesive composition has been cured, a composite resin or compomer for dental restoration is butted 
to the cured area and then cured. Through the treatment, the restoration of the tooth is finished. 

(2) Indirect restoration and repairing with prosthetic material: 

ao [01 00] The antibacterial primer of the invention is first applied to the cavity formed in a tooth. Then, this is left as such 
or forcedly dried with a dental air syringe to remove the volatile solvent 

[0101] Next the adhesive composition of the invention is applied to a prosthetic material such as a metal alloy, a 
ceramic, a cured composite resin or the like, which is then pressed against the surface of the tooth having been previ- 
ously treated with the antibacterial primer, and then cured. Through the treatment, the restoration of the tooth is fin- 

45 ished. In this case, the adhesive composition may be applied to the antibacterial primer-coated surface of the tooth. 
[01 02] Where the adhesive composition is composed of two divided parts of an adhesive primer and a resin cement, 
the adhesive primer is first applied to the surface of the tooth having been previously treated with the antibacterial 
primer, then left as such for a predetermined period of time, and thereafter subjected to air blowing. Next, the prosthetic 
material is applied to the treated surface of the tooth along with the resin cement, and cured and bonded to the tooth. 

so The curing may be effected in any desired manner of photopolymerization, chemical polymerization or dual curing of 
photo/chemical polymerization. In this case, however, the light from the irradiator for photopolymerization will be often 
blocked by the prosthetic material. Therefore, for curing the adhesive composition (and also the resin cement) in this 
case, preferred is chemical polymerization or dual curing polymerization. 

[0103] In addition, the bonding compositions for dental use of the invention may also be combined with any other 
55 bonding ingredients of glass ionomer cement, zinc phosphate cement, polycarboxylate cement, silicate cement zinc 
oxide eugenol cement; and also with heat-curable resin. seH-curable resin, root canal filler, temporary sealant. 
[01 04] In particular, for repairing the restorative material having been broken in the mouth, the adhesive compositions 
of the invention may be applied not only to the tooth restored with the material but also to the repairing material of met- 
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als, ceramics or cured composite resins. Further, in their use, the bonding compositions of the invention may be com- 
bined with any commercially-available acid etchants or tooth surface deaners such as hypochlorites, etc. 
[0105] The invention is described in more detail with reference to the following Examples, which, however, are not 
intended to restrict the scope of the invention. The meanings of the abbreviations used hereinabove and also in the fol- 
5 lowing 

[01 06] Examples are mentioned below. 



Abbreviations: 



w Antibacterial Polymerizable Monomers: 



[0107] 

MDPB: methaciTloyloKyckxJecytpyridinium bromide 

is MHPC: methacryloyloxyhexadecylpyridinium chloride 

HMPC: 4*hexadecytmethaayloylaxyethytpyridinium chloride 

MHBP: methacryloyloxyethylhexadecylbipyridinium dichloride 

DMPC: methacryloyloxydodecyrm'mettiyiphosphonium chloride 

OEPA: methac^oyloxyoctadecyltriethytphosphonium acetate 

20 MEDP: 4-methacryloyloxyethykJodecytpyridinium chloride 

VHMS: di(4-vinylbenzy0hexadecylmethylammonium methylsultate 

DDMC: di(methaciyloyloxyethyl)dcxJecytmethylamrnonium chloride 

BMPS: methac^oylcxyeWl(4-N-hexadecylpyridinylmethyO succinate bromide 



26 Photopolymerization Initiators: 



[0108] 

TMDPO: 2,4,6-trimethylben2oyldiphenyfphosphine oxide 

30 DCDPO: 2,6-dichlorobenzoyldiphenylphosphine oxide 

DEDPO: 2,6-diethylbenzoyldiphenyihosphine oxide 

CQ: camphorquinone 



Reducing Agents, Oxidizing Agents: 

35 

[0109] 

BSS: sodium benzenesulfinate 
TPBSS: sodium 2.4,6-i-propylbenzenesulfinate 
40 DMAB: 4-dimethylaminobenzophenone 
DEPT: N,N-di(2-hydroxyethyl)-p-toluidine 
EDM ABA: ethyl 4-dimethylaminobenzoate 
BPO: benzoyl peroxide 



45 Acid Group-Having Polymerizable Monomers: 



[0110] 



MDP: 1 0-methacryloylaxydecyl dihydrogenphosphate 
50 MUP: 11 -methacryloylaxyundecyl dihydrogenphosphate 



Polymerizable Polymers: 



[0111] 

Bis-GMA: bisphenol A diglycidyl dimethacrylate 

HEMA: 2-hydroxyethyl methacrylate 

HD: 1 ,6-hexanediol dimethacrylate 
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DD: 1 ( 1ModecanedioJdimethacryIate 

UDMA: [2.2,4-trimethylhexamethylenebis(2<ar^ dimethacrylate 

TH: N,N42,2,4-trimethylhexamethytene)&^ tetramethacrylate 

5 Polymerization Inhibitor: 

[0112] 

BHT: t-butylhydroxyto!uene 

10 

Example 1: 

[011 3] Ethanol, distilled water and MDPB were mixed in a ratio by weight as indcated in Table 1 to prepare an anti- 
bacterial primer. MDP, distilled water, HEM A. HD, CQ and DMAB were mixed in a ratio by weight as indicated in Table 
is 1 to prepare an adhesive composition. 

[0114] The antibacterial primer and the adhesive composition were tested for the bonding strength, according to the 
bonding strength test method mentioned below. The data obtained are shown in Table 1 . In addition, these were tested 
for the antibacterial properties according to the antibacterial test methods mentioned below. The data obtained are 
shown in Table 1. 

20 

Bonding Strength Test Method: 

[0115] A bovine anterior tooth was polished in wet with #1000 Silicon Carbide Abrasive Paper (from Nippon Abrasive 
Paper) to make its surface smooth, then its enamel or dentin was exposed out, and water existing on its surface was 

25 blown off with a dental air syringe. An adhesive tape (thickness: about 1 50 microns) with a hole having a diameter of 3 
mm was stuck on the surface of the exposed enamel or dentin. The antibacterial primer of the invention to be tested 
was first applied to the holed area with a brush, and the volatile solvent was dried up with a dental air syringe. Next the 
adhesive composition of the invention to be tested was applied over it also with a brush, then left as such for 60 sec- 
onds, and thereafter blown with a dental air syringe to form a film having a thickness of about 100 microns. Then, this 

30 was exposed to light for 30 seconds and cured, for which used was a dental light emitter, Lite! II (from Gunma Ushio 
Electric). Next, a commercially-available, photopolymerizable dental composite resin, Clearf ill AP-X (from Kuraray) was 
put on it covered with a film of Eval® (from Kuraray, film of ethyleneArinyl alcohol copolymer), and pressed against a 
glass slide superposed thereon. In that condition, this was exposed to light for 40 seconds and cured, for which was 
used the same light emitter as above. A stainless steel rod having a diameter of 7 mm was attached to the cured surface 

35 with a commercially-available dental resin cement Panavia 21 (from Kuraray) being disposed therebetween, and left as 
such for 30 minutes. Eight test discs were prepared in all in that manner, and these were all immersed in water at 37°C. 
After having been thus immersed therein for 24 hours, these were taken out and tested for the bonding strength, for 
which was used a universal tester (from Instron). At a cross head speed of 2 mm/tain, the tensile bonding strength of 
each test disc was measured. The data of all test discs were averaged. 

40 

Antibacterial Test Method 1 (for evaluating the antibacterial properties of non-cured discs): 

[01 1 6] A bovine anterior tooth was smoothly polished in wet with #1 000 Silicon Carbide Abrasive Paper (from Nippon 
Abrasive Paper) to make its dentin exposed out, and cut into discs of 1 mm thick with a diamond saw. An aqueous solu- 

45 tion of 40 % phosphoric acid was applied to both surfaces of each disc, and left as such for 60 seconds. Then, all discs 
were washed with running water, and thereafter kept in water while they were not used. The dentin surface of each disc 
was exposed out. and water existing thereon was blown off with a dental air syringe. On the other hand, cells of Strep- 
tococcus mutans, IF013955 which had been pre-incubated for 24 hours in a liquid brain heart infusion (BHI) medium 
(from Nippon Pharmaceutical) were diluted with a germ-free physiological saline solution to prepare a cell dilution hav- 

so ing a cell concentration of 1 x 10 6 (CFU/ml). and 100 ul of this cell dilution was inoculated on a BHI-agar medium and 
uniformly spread thereover with a Conradi rod. 

[01 1 7] An adhesive tape with a hole having a diameter of 5 mm was stuck on the surface of the dentin disc prepared 
previously, and the dentin disc with the tape was put on the center of the agar medium prepared as above, and airtightiy 
adhered thereto by gently pressing it. The antibacterial primer of the invention to be tested was applied to the holed 
55 area of the tooth disc with a brush, and then the volatile solvent was immediately vaporized away with a dental air 
syringe. Next, the adhesive composition of the invention to be tested was applied thereto also with a brush, and left as 
such for 60 seconds. In that condition, the antibacterial primer and the adhesive composition penetrated into the tissue 
of the dentin disc. Ttie dentin disc was then taken out of it, and the BHI-agar medium was incubated at 37°C for 48 
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hours. The growing condition of the cells in the medium was observed, and the antibacterial properties of the tested 
sanples were evaluated according to the following criteria: 

The cells grew even in the area where the test disc was put, like in the other area. 
5 IT The cell gLth was inhibited in the area where the test disc was put as compared wrth that .n the other area. 
:) No cell growth was found in the area where the test disc was put. 

Antibacterial Test Method 2 (for evaluating the antibacterial properties of cured discs): 

10 [01181 An adhesive tape with a hole having an inner diameter of 9 mm was stuck on a film of Eva^ ^ ^ura^'- 
Z Se Wrn SXed horizontally with a metal doughnut Onner diameter: 15 mm. <^<»^« Mmm. 
^li^Zeon 10 ulof me antibacterial primer of me invention to be tested was dnpped.iito me ho^ 
r^S^e^^^^^ immediately blown off with a dental air syringe. Next, 10 ^ of the adhesrve 

aZwBght emitter. Lite) II. Next a commercially-available. photopolymenzaWe derrtal ^^^omosBi 

33SSS3S3ES3S33|s 

percentage on the cured disc was calculated according to the following equation: 



15 



20 



30 



nnmhPr of c olonies (in control) - number of coloni es (in recovered sample) x 100 
Cell Death Percentage = number of colonies On control) 



35 



40 



Examples 2 to 7: 

roi201 As in Table 1 various antibacterial primers were prepared in the same manner as in Exarnple 1 M 
LdPB w^not usS botany of HMPC. MHBP, OEPA, VHMS. DDMC or BMPS was used ,n place of MDPBJJe^ same 
. ^ nOT 77™ y Cvamnlo « «-« nreoared These antibacterial primers and the adhesive composition were 
SSrmT^nfs^ test method as in Example .The data 

oSfnJd^Tsh^ninTab.el'in addition, these were tested for the ar^ 
antibacterial test methods as in Example 1. The data obtained are shown m Table 1. 



45 
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Table 1 



5 


Antibacterial Bonding 
Composition 


Formulation (wt.pts) 










Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Example 6 


Example 7 


10 


Antibacte- 
rial Primer 


Ethanol 

Distilled 
Water 

MDPB 

HMPC 


80 
20 

1 


80 
20 

1 


80 
20 

■ 


80 
20 

- 


80 
20 

- 


80 
20 

- 


80 
20 

- 


15 




MHBP 
OEPA 
VHMS 


- 
- 
- 


- 
- 
- 


1 | 

- 
- 


- 
1 
- 


- 
- 
1 


- 

- 

- 


- 
- 


20 




DDMC 
BMPS 


- 


- 


- 


- 


- 


1 


- 
1 


25 


Adhesive 
Composi- 
tion 


MDP 

Distilled 
Water 


50 
1 


50 
1 


50 
1 


50 
1 


50 
1 


50 
1 


50 
1 




HEMA 


40 


40 


40 


40 


40 


40 


40 






HD 


10 


10 


10 


10 


10 


10 


10 






CQ 


2 


2 


2 


2 


2 


2 


2 






DMAB 


2 


2 


2 


2 


2 


2 


2 






Tensile Bonding Strength: after 24 hours at 37°C (unit MPa) 




Enamel 


15.6 


15.1 


15.3 


15.5 


15.5 


15.6 


15.2 


35 


Dentin 


13.2 


13.4 


13.3 


13.7 


13.1 


13.3 


13.2 


Antibacterial Test 1 (cell 
growth below non-cured 
disc) 
















40 


Antibacterial Test 2 (ceil 
death percentage (%) on 
cured disc) 


100 


100 


100 


100 


100 


100 


100 



Comparative Example 1 : 

45 

[0121] As in Table 2, a antibacterial primer was prepared in the same manner as in Example 1, except that MDPB 
was not used herein. The same adhesive composition as in Example 1 was prepared. 

[0122] The antibacterial primer and the adhesive composition were tested for the bonding strength, according to the 
same bonding strength test method as in Example 1 . The data obtained are shown in Table 2. In addition, these were 
so tested for the antibacterial properties also according to the same antibacterial test methods as in Example 1 . The data 
obtained are shewn in Table 2. 

Comparative Example 2: 

55 [01 23] As in Table 2, the same adhesive composition as in Example 1 was prepared. The adhesive composition was 
used singly herein and tested for the bonding strength, according to the same bonding strength test method as in Exam- 
ple 1 . The data obtained are shown in Table 2. In addition, this was used singly and tested for the antibacterial proper- 
ties also according to the same antibacterial test methods as in Example 1 . The data obtained are shown in Table 2. 
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Comparative Examples 3 to 9: 

[0124] As in Table 2. various adhesive compositions were prepared by adding an antibacterial polymerizable mono- 
mer of MDPB. HMPC. MHBP, OEPA, VHMS, DDMC or BMPS was added to the adhesive composition of Example 1. 
s These adhesive compositions were tested for the bonding strength, according to the same bonding strength test 
method as in Example 1. The data obtained are shown in Table 2. In addition, these were tested for the antibacterial 
properties also according to the same antibacterial test methods as in Example 1 . The data obtained are shown in Table 
2. 



Table 2 



15 


Antibacterial 
Bonding Compo- 
sition 


Formulation (wtpts) 






Comp. 
Ex.1 


Comp. 
Ex.2 


Comp. 
Ex.3 


Comp. 
Ex.4 


Comp. 
Ex.5 


Comp. 
Ex.6 


Comp. 
Ex.7 


Comp. 
Ex.8 


Comp. 
Ex.9 | 


20 


AruJ- 

bacte- 
rial 

Primer 


cuianoi 

Dis- 
tilled 
Water 


OA 

20 


- 


- 


- 


- 


- 


- 


- 


- 




Adhe- 


MDP 


50 


50 


50 


50 


50 


50 


50 


50 


50 


25 


sive 

Compo- 
sition 


Dis- 
tilled 
Water 


1 


1 


1 


1 


1 


1 


1 


1 


1 






HE MA 


40 


40 


40 j 


40 


40 


40 


40 


40 


40 


30 




HD 
CQ 


10 
2 


10 
2 


10 

2 


10 

2 


10 

2 


10 

2 


10 
2 


10 
2 


10 

2 






DMAB 


2 ! 


2 


2 


2 


2 


2 


2 


2 


2 






MDPB 






5 














35 




HMPC 
MHBP 
OEPA 








5 


5 


5 








40 




VHMS 
DDMC 
BMPS 














5 


5 


5 






Tensile Bonding Strength: after 24 hours at 37°C (unit: MPa) 




45 


Enamel 


15.5 


15.4 


15.1 


15.7 


15.2 


15.0 


15.5 


15.7 


15.3 




Dentin 


13.1 


13.2 


13.0 


12.7 


13.1 


13.3 


13.2 


13.4 


13.1 


50 


Antibacterial Test 
1 (cell growth 
below non-cured 
disc) 


++ 


++ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


55 


Antibacterial Test 
2 (cell death per- 
centage (%) on 
cured disc) 


0 


0 


58 


60 


59 


66 


68 


61 


64 



[0125] As in Table 1, the bonding compositions of Examples 1 to 7 (these are composed of an antibacterial primer 
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comprising an antibacterial polymerizable monomer and a volatile solvent and an adhesive composition} all had a high 
bonding strength of about 15 MPa to the tooth enamel and about 13 MPa to the tooth dentin. In adcfition, these com- 
pletely killed the cells below their non-cured discs in the antibacterial test 1 . The data in the test 1 support the strong 
antibacterial properties of the non-cured bonding compositions. In the antibacterial test 2, the cells adhered on the 
5 cured discs of these bonding compositions were also completely killed. The data in the test 2 support the strong anti- 
bacterial properties of the cured bonding extrapositions. 

[01 26] However, as in Table 2, the non-cured and cured discs of the compositions of Comparative Examples 1 and 2 
(these do not contain an antibacterial polymerizable monomer) had no antibacterial properties, though their bonding 
strength was good. 

10 [01 27] On the other rand, the antibacterial properties of the non-cured and cured discs of the compositions of Com- 
parative Examples 3 to 9 (these contain an antibacterial polymerizable monomer) were not enough to kill the cells 
around the discs, though the boncfing strength of the compositions was high, like that of the compositions of Examples 
1to7. 

15 Example 8: 

[0128] MDPB, ethanol. distilled water, TMDPO and BSS were mixed in a ratio by weight as indicated in Table 3 to 
prepare an antibacterial primer. MDP, HEM A, distilled water and TMDPO were mixed in a ratio by weight as indicated 
in Table 3 to prepare an adhesive primer. In addition, a bonding agent was prepared from UDMA, HEMA. MDP, TMDPO. 
20 CQ, DMAB and a silane-processed quartz powder. These were tested for the tensile bonding strength to tooth, accord- 
ing to the bonding strength test method mentioned below. The data obtained are shown in Table 3. In addition, these 
were tested for the antibacterial properties according to the antibacterial test methods mentioned below. The data 
obtained are shown in Table 3. 

25 Bonding Strength Test Method: 

[0129] In the same manner as in the test method for Example 1 mentioned above, a bovine anterior tooth was pol- 
ished to make its enamel or dentin exposed out, and water existing on its surface was blown off with a dental air syringe. 
An adhesive tape (thickness: about 1 50 microns) with a hole having a diameter of 3 mm was stuck on the surface of the 

30 exposed enamel or dentin. The antibacterial primer of the invention to be tested was first applied to the holed area with 
a brush, and the volatile solvent was dried up with a dental air syringe. Next, the adhesive primer of the invention to be 
tested was applied over it also with a brush, and then left as such for 30 seconds, and its excessive part was blown off 
with a dental air syringe. Next, the bonding agent to be tested was further applied thereover also with a brush, and again 
blown with a dental air syringe to form a film having a thickness of about 100 microns. Then, this was exposed to light 

35 for 10 seconds and cured, for which used was a dental light emitter, Litel II. Next, like in Example 1, a photopolymeriz- 
able dental composite resin, Clear! ill AP-X (from Kuraray) was put on it, and cured thereon. Then, this was put in water 
at 37°C. Eight test discs were prepared in all in that manner, and these were all immersed in water at 37 Q C. After having 
been thus immersed therein for 24 hours, these were taken out and tested fa the tensile bonding strength. The data of 
all test discs were averaged. 

40 

Antibacterial Test Method 1 (for evaluating the antibacterial properties of non-cured discs): 

[01 30] In the same manner as in Example 1 , a bovine dentin disc was prepared. Also in the same manner as in Exam- 
ple 1 , cells of Streptococcus mutans, IF013955 which had been pre-incubated for 24 hours in a liquid brain heart infu- 
45 sion (BHI) medium (from Nippon Pharmaceutical) were diluted with a germ-free physiological saline solution to prepare 
a cell dilution having a cell concentration of 1 x 10 6 (CFU/rnl), and 100 nl of this cell dilution was inoculated on a BHI- 
agar medium and uniformly spread thereover with a Conradi rod. 

[01 31 ] An adhesive tape with a hole having a cfiameter of 5 mm was stuck on the surface of the dentin disc prepared 
previously, and the dentin disc with the tape was put on the center of the agar medium prepared as above, and airtightly 

so adhered thereto by gently pressing it The antibacterial primer of the invention to be tested was applied to the holed 
area of the dentin disc with a brush, and then the volatile solvent was immediately vaporized away with a dental air 
syringe. Next, the adhesive primer to be tested was applied thereto also with a brush, and left as such for 30 seconds. 
After this, the bonding agent to be tested was applied thereover, and left as such for 30 seconds. In that condition, the 
antibacterial primer, the adhesive primer and the bonding agent penetrated into the tissue of the dentin disc. The dentin 

55 disc was then taken out of it, and the BHl-agar medium was incubated at 37°C for 48 hours. The growing condition of 
the cells in the medium was observed, and the antibacterial properties of the tested samples were evaluated according 
to the same criteria as in Example 1. 
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Antibacterial Test Method 2 (for evaluating the antibacterial properties of cured discs): 

[0132] In the same manner as in Example 1 . an adhesive tape with a hole having an inner diameter of 9 mm was 
stuck on a fflm of Eval. and the film was fixed horizontally with a metal doughnut being put thereon. 10 pJ of the antibac- 
terial primer of the invention to be tested was dripped into the hole of the metal doughnut and the volatile solvent was 
immediately blown off with a dental air syringa Next 10 p\ of the adhesive primer of the invention to be tested was 
dripped thereinto, and blown with a dental air syringa Then, the bonding agent of the invention to be tested was applied 
over this with a brush to form a film having a thickness of about 100 um. This was exposed to light for 10 seconds and 
cured, for which was used a dental light emitter, Lrtel II. Next a commercially-availabla photopolymerizable dental com- 
posite resin, Ciearfill AP-X was put on it. covered with afilm of Eval. and pressed against a glass slide superposed ther- 
eon. In that condition, this was exposed to light for 40 seconds and cured, for which was used the same light emitter as 
above. The cured disc was released from the metal doughnut and ultrasonically washed with water for 1 hour. The cell 
death percentage on the discs prepared herein was obtained in the same manner as in Example 1 . 

Example 9: 

[0133] DMPC, ethanol, distilled water, TNIDPO and BSS were mixed in a ratio by weight as indicated in Table 3 to 
prepare an antibacterial primer. On the other hand, the same adhesive primer and bonding agent as in Example 8 were 
prepared. These were tested for the bonding strength, according to the same bonding strength test method as in Exam- 
ple 8. The data obtained are shown in Table 3. In addition, these were tested for the antibacterial properties also accord- 
ing to the same antibacterial test methods as in Example 8. The data obtained are shown in Table 3. 

Comparative Example 10: 

[01 34] The same adhesive primer and bonding agent as in Example 8 were prepared. These were tested for the bond- 
ing strength, according to the same bonding strength test method as in Example 8. The data obtained are shown in 
Table 3. In addition, these were tested for the antibacterial properties also according to the same antibacterial test 
methods as in Example 8. The data obtained are shown in Table 3. 

Comparative Examples 11 and 12: 

[0135] As in Table 3. adhesive primers were prepared by adding any of MDPB or DMPC to the adhesive primer of 
Example 8. On the other hand, the same bonding agent as in Example 8 was prepared. Each adhesive primer was 
combined the bonding agent and tested for the bonding strength, according to the same bonding strength test method 
as in Example 8. The data obtained are shown in Table 3. In addition, these were tested for the antibacterial properties 
also according to the same antibacterial test methods as in Example 8. The data obtained are shown in Table 3. 
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Table 3 



Antibacterial Bondinq Comoostion 


Formulation (wlpts) 








Example 8 


Example y 


Comp. Ex. 


uomp. tx 










10 


11 


-40 

12 


Antibacterial 


MDPB 


1 


- 








Primer 


DMPC 


- 


1 












Ethanoi 


70 


70 












Distilled 


30 


30 


— 












Water 
















TMDPO 


0.2 


0.2 












BSS 


1 


1 












MDP 


10 


10 


10 


10 


10 


£ 


Primer 


HEMA 


40 


40 


40 


40 


40 


G> 

<* 


OfStOled 


50 


50 


50 


50 


50 


CD 

o 




Water 








1 


1 


o 
3 




TMDPO 


1 


1 


1 


"8 




MDPB 


- 


■ 


• 


5 


* 


c/>_ 




DMPC 


- 


- 


• 


• 


5 


§ 


Bonding 


UDMA 


60 


60 


60 


60 


60 




Agent 


HEMA 


35 


35 


35 


35 


35 




MDP 


5 


5 


5 


5 


5 






TMDPO 


2 


2 


2 


2 


2 






CQ 


0.5 


0.5 


0.5 


0.5 


0.5 






DMAB 


0.5 


0.5 


I 0.5 


| 0.5 


0.5 






Sflane- 


10 


10 


10 


10 


10 






processed 
















Quartz 
















Powder 












Tens 


ale Bondina Str 


enoth: alter 24 hours at 37"C (unit MPa) 


Enamel 


20.1 


20.5 


19.1 


20.0 


20.2 


Dentin 


19.3 


19.5 


19.2 


18.9 


19.1 


Antibacterial Test 1 














(cell qrowth below non-cured disc) 






++ 


+ 


+ 


Antibacterial Test 2 














(cell death percentage (%) on 


100 


100 


0 


68 


66 


cured disc) 











[01 36] As in Table 3. the bonding corrpositions of Examples 8 and 9 (these are composed of an antibacterial pnmer 
comprising an antibacterial polymerizable monomer and a volatile solvent and an adhesive composition) all had a high 
bonding strength of about 20 MPa to the tooth enamel and about 19 MPa to the tooth dentin. In addition, these com- 
pletely killed the cells below their non-cured discs in the antibacterial test 1. The data in the test 1 support the strong 
antibacterial properties of the non-cured bonding compositions. In the antibacterial test 2, the cells adhered on the 
cured discs of these bonding compositions were also completely killed. The data in the test 2 support the strong anti- 
bacterial properties of the cured bonding compositions. 

[0137] However, the non-cured and cured discs of the composition of Comparative Example 10 (this does not contain 
an antibacterial polymerizable monomer) had no antibacterial properties, though their bonding strength was good. On 
the other hand, the antibacterial properties of the non-cured and cured discs of the compositions of Comparative Exam- 
ples 1 1 and 12 (in these, the adhesive primer contains an antibacterial polymerizable monomer) were not enough to kill 
the cells around the discs, though the bonding strength of the compositions was high, like that of the antibactenal bond- 
ing compositions of Examples 8 and 9. 
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Example 10 



• i„ a hv wetaht as indicated in Table 4 to prepare an antibacterial primer. 
mi38] MDPB and ethane! were mixed m a ratio ^ indjcated in Table 4 to prepare an adhe- 

in Example 8. The data obtained are shown in Table 4. 



10 Example 11: 



15 



20 



26 



. „ r^-o+oH in Tahle 4 to prepare an antibacterial pnmer. 
(0139) MDPB and ethano. were mixed * a rata ^^^S^ ^ wS^ « adhesive primer. In 
MDP, HEMA. DEPT and CO were mixec hnanfco *J£**££^^^ forTe tensile bonding strength 
addition, the same bonding agent asm tomp e JE£tf nBd are shown in Table 4. In addition. these 

data obtained are shown in Table 4. 

Comparative Example 13: X osted for the 

[W 40] The same adhesive primer and ^ *^ showS 

meZds as in Exarrple 8. The data obtained are shown ,n Table 4. 
Comparative Examples 14 and 15: 

QraH Ku -rfdino mdpb to any of the adhesive primers of Examples 

[01411 As in Table 4. adhesive primers W"^* "XJ^O «J prepared. Each adhesive primer was 
1 1 . On the other hand, J. . ^J^i^^Si^ bonding strength test method 
combined the bonding agent and tested for the ^^.^Tg^^ were tes ted for the antibacterial properties 



35 



40 



45 



50 
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Table 4 



Antibacterial Bonding Composition 


Example 10 


Fc 

Example 11 


Ermulation (wt.pt 
Comp.Ex 
13 


5) 

Comp.Ex. 
14 


Comp.Ex 
15 


Anti-bacterial Primer 


MOPB 
Ethanol 


c 
5 

100 


0 

100 








Adhesive Composition 


Adhesive 
Primer 


MDP 

HEMA 

Distilled 

Water 

MDPB 

DEPT 

CQ 


15 
60 
25 

3 
1 


15 
80 

3 
1 


15 
80 

3 
1 


15 
60 
25 

5 
3 
1 


15 
80 

5 
3 
1 


Bonding 
Agent 


Bis-GMA 

HEMA 

TMDPO 

CQ 

DMAB 


65 
35 
3 
1 
1 


65 
35 
3 
1 
1 


65 
35 
3 
1 
1 


65 
35 
3 
1 
1 


65 
35 
3 
1 
1 


Tens 


lie Bondina Strertc 


ith: after 24 hours at 37°C (unit MPa) 




Enamel 


20.7 


16.8 


16.6 


20.1 


16.5 


Dentin 


19.9 


16.6 


16.1 


19.2 


16.4 


Antibacterial Test 1 

(cell growth below non-cured disc) 








+ 




Antibacterial Test 2 

(cell death percentage (%) on 

cured disc) 


100 


100 


0 


65 


64 



[0142] As in Table 4, the bonding compositions of Examples 10 and 1 1 (these are composed of an antibacterial primer 
comprising an antibacterial polymerizable monomer and a volatile solvent an adhesive primer, and a bonding agent) 
all had a high bonding strength of about 1 6 to 20 MPa to the tooth enamel and also to the tooth dentin. In addition, these 
completely killed the cells below their non-cured discs in the antibacterial test 1. The data in the test 1 support the 
strong antibacterial properties of the non-cured bonding compositions. In the antibacterial test 2, the cells adhered on 
the cured discs of these bonding compositions were also completely killed. The data in the test 2 support the strong 
antibacterial properties of the cured bonding compositions. 

[0143] However, the non-cured and cured discs of the composition of Comparative Example 1 3 (this does not contain 
an antibacterial polymerizable monomer) had no antibacterial properties, though their bonding strength was good. On 
the other hand, the antibacterial properties of the non-cured and cured discs of the compositions of Comparative Exam- 
ples 14 and 15 (in these, the adhesive primer contains an antibacterial polymerizable monomer) were not enough to kill 
the cells around the discs, though the bonding strength of the compositions was high, like that of the compositions of 
Examples 10 and 11. 

Example 12: 

[0144] MHPC and ethanol were mixed in a ratio by weight as indicated in Table 5 to prepare an antibacterial primer. 
MDP, HEMA. distilled water, CQ, DMAB and DEPT were mixed in a ratio by weight as indicated in Table 5 to prepare 
an adhesive primer In addition, TH, DD, MDP. TMDPO, BPO and silane-processed quartz powder were mixed in a ratio 
by weight as indicated in Table 5 to prepare a resin cement (A); and TH, HEMA, DD, DEPT. TPBSS and silane-proc- 
essed quartz powder were mixed in a ratio by weight as indicated in Table 5 to prepare a resin cement (B). These were 
tested for the bonding strength to tooth, according to the bonding strength test method mentioned below. In addition, 
these were tested fa the antibacterial properties according to the antibacterial test methods mentioned below. 
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Bonding Strength Test Method: 

[0145] In the same manner as in the test method for Example 1 mentioned above, a bovine anterior tooth was pol- 
ished to make its enamel or dentinxposed out and water existing on its surface was blown off with a dental air syringe. 
5 An adhesive tape (thickness: about 1 50 microns) with a hole having a diameter of 5 mm was stuck on the surface of the 
exposed enamel or dentin. The antibacterial primer of the invention to be tested was first applied to the holed area with 
a brush, and the volatile solvent was dried up with a dental air syringe. Next, the adhesive primer of the invention to be 
tested was applied over it also with a brush, and then left as such for 30 seconds, and its excessive part was blown off 
with a dental air syringe. 

10 [0146] Next, the resin cement (A) and the resin cement (B) of the invention to be tested were mixed in a ratio of 1/1 
to prepare a paste, and the paste was applied to a stainless steel rod having a diameter of 7 mm. This was pressed 
against the adhesive primer-coated surface of the tooth having been treated as above. After left as such for 30 minutes, 
this was immersed in water at 37°C. After having been thus immersed therein for 24 hours, this was taken out and its 
tensile bonding strength was measured. 

15 

Antibacterial Test Method 1 (for evaluating the antibacterial properties of non-cured discs): 

[0147] In the same manner as in Example 1 , a bovine dentin disc was prepared. Also in the same manner as in Exam- 
pie 1 . cells of Streptococcus mutans, IF013955 which had been pre-incubated for 24 hours in a liquid brain heart infu- 
20 sion (BHI) medium (from Nippon Pharmaceutical) were diluted with a germ-free physiological saline solution to prepare 
a cell dilution having a cell concentration of 1 x 10 6 (CFU/mi), and 100 ul of this cell cfilution was inoculated on a BHI- 
agar medium and uniformly spread thereover with a Conradi rod. 

[0148] An adhesive tape with a hole having a diameter of 5 mm was stuck on the surface of the dentin disc prepared 
previously (thickness: 1 mm), and the dentin disc with the tape was put on the center of the BHI-agar medium prepared 

25 as above, and airtightiy adhered thereto. The antfoacterial primer of the invention to be tested was applied to the holed 
area of the tooth disc with a brush, and then the volatile solvent was immediately vaporized away with a dental air 
syringe. Next, the adhesive primer to be tested was applied thereto also with a brush, and left as such for 30 seconds. 
In that condition, the antibacterial primer and the adhesive primer penetrated into the tissue of the dentin disc. The den- 
tin disc was then taken out of it, and the agar medium was incubated at 37°C for 48 hours. The growing condition of the 

so cells in the medium was observed, and the antibacterial properties of the tested samples were evaluated according to 
the same criteria as in Example 1 . 

Antibacterial Test Method 2 (for evaluating the antibacterial properties of cured discs): 

35 [0149] In the same manner as in Example 1 . an adhesive tape with a hole having an inner diameter of 9 mm was 
stuck on a f flm of Eval. and the film was fixed horizontally with a metal doughnut being put thereon. 1 0 ul of the antibac- 
terial primer of the invention to be tested was dripped into the hole of the metal doughnut, and the volatile solvent was 
immediately Mown off with a dental air syringe. Next 10 uJ of the adhesive primer of the invention to be tested was 
dripped thereinto, and blown with a dental air syringe. Then, a paste of the resin cement (A) and the resin cement (B) 

40 of the invention to be tested, as prepared by mixing them in a ratio of 1/1 . was applied over this, covered with an Eval 
film, and pressed against a glass slide superposed thereon. In that condition, this was left as such for 60 minutes and 
cured. The cured disc was released from the metal doughnut, and urtrasonteally washed with water for 1 hour. The cell 
death percentage on the discs prepared herein was obtained in the same manner as in Example 1 . 

45 Example 13: 

[0150] MEDP and ethanol were mixed in a ratio by weight as indicated in Table 5 to prepare an antibacterial primer. 
On the other hand, the same adhesive primer, resin cement (A) and resin cement (B) as in Example 12 were prepared. 
These were tested for the bonding strength, according to the same bonding strength test method as in Example 12. The 
so data obtained are shown in Table 5. In addition, these were tested for the antibacterial properties also according to the 
same antibacterial test methods as in Example 12. The data obtained are shown in Table 5. 

Comparative Example 16: 

55 [0151] The same adhesive primer, resin cement (A) and resin cement (B) as in Example 12 were prepared. These 
were tested for the bonding strength, according to the same bonding strength test method as in Example 12. The data 
obtained are shown in Table 5. In addition, these were tested for the antibacterial properties also according to the same 
antibacterial test methods as in Example 12. The data obtained are shown in Table 5. 
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Comparative Examples 17 and 18: 

[0152] As in Table 5, adhesive primers were prepared by adding any of MHPC or MEDP to the adhesive primer of 
Example 12. On the other hand, the same resin cement (A) and resin cement (B) as in Example 12 was prepared. 
These were combined and tested for the bonding strength, according to the same bonrJng strength test method as in 
Example 1 2. The data obtained are shown in Table 5. In addition, these were tested for the antibacterial properties also 
according to the same antibacterial test methods as in Example 12. The data obtained are shown in Table 5. 



Table 5 



Antibacterial Bondina Composition 


Formulation (wtpts) 










Example 12 


Example 13 


Comp.Ex. 


Comp. Ex. 


Comp. Ex 














16 


17 


18 


Antibacterial Primer 




MHPC 


1 


- 














MEDP 


- 


1 


— 


— 


— 








Ethanoi 


100 


100 








> 


Adhesive Primer 


Mnp 


10 


10 


10 


10 


10 








HFMA 

nuvin 


40 


40 


40 


40 


40 


CD 
tn 








50 


50 


50 


50 


50 


CD 






Water 












O 
O 

3 






CO 


0.5 


0.5 


0.5 


0.5 


0.5 


8 








1 


1 


1 


1 


1 


52. 
a. 






DEPT 


5 


5 


5 


5 


5 


8 






MHPC 








5 










MEDP 




m 


_ 




5 




Resin 




TW 
i n 


60 

uu 


60 


60 


60 


60 




Cement 




OD 


5 


5 


5 


5 


5 








MDP 


30 


30 1 


30 


30 


30 








TMDPO 


2 


2 


2 


2 


2 






A 


BPO 


2 


2 


2 


2 


2 








Silane- 


300 


300 | 


300 


300 


30U 








processed 


















Quartz 


















Powder 


















TH 


70 


70 


70 


70 


70 








HEMA 


20 


20 


20 


20 


20 








DD 


10 


10 


10 


10 


10 








DEPT 


1 


1 


1 


1 


1 






B 


TPBSS 


1 


1 


1 


1 


1 








Silane- 


300 


300 


300 


300 


300 








processed 


















Quartz 


















Powder 












Tensile Bonding Strength: after 24 hours at 37°C (unit MPa) 




Enamel 


20.5 


20.0 


20.3 


20.2 


20.0 


Dentin 


13.4 


13.3 


13.1 


12.6 


12.3 


Antibacterial Test 1 










♦+ 


+ 


+ 


feel) arowth below non-cured disc) 












Antibacterial Test 2 












61 


63 


(cell death percentage (%) on cured 


100 


100 


0 


disc) 

















[01 53] As in Table 5. the bonding compositions of Examples 1 2 and 1 3 (these are composed of an antibacterial primer 
comprising an antibacterial polymerizable monomer and a volatile solvent, an adhesive primer, a resin cement (A), and 
a resin cement(B) all had a high bonding strength of about 20 MPa to the tooth enamel and about 13 MPa to the tooth 
dentin. In addition, these completely killed the cells below their non-cured discs in the antibacterial test 1. The data in 
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the test 1 support the strong antibacterial properties of the non-cured bonding compositions. In the antibacterial test 2, 
the cells adhered on the cured discs of these boncfing compositions were also completely killed. The data in the test 2 
support the strong antibacterial properties of the cured bonding compositions. 

[01 54] However, the non-cured and cured discs of the composition of Comparative Example 1 6 (this does not contain 
5 an antibacterial polymerizaWe monomer) had no antibacterial properties, though their boncfing strength was good. On 
the other hand, the antibacterial properties of the non-cured and cured discs of the compositions of Comparative Exam- 
ples 1 7 and 18 (in these, the adhesive primer contains an antibacterial polymerizable monomer) were not enough to kill 
the cells around the discs, though the bonding strength of the compositions was high, like that of the compositions of 
Examples 12 and 13. 

w 

Example 14: 

[0155] MUP. HEM A and distilled water were mixed in a ratio by weight as indicated in Table 6 to prepare an adhesive 
primer. On the other hand, UDM A, HEMA, TMDPO. CQ, EDMABA and DEPT were mixed in a ratio by weight as indi- 

is cated in Table 6 to prepare a bonding agent. 

[01 56] The adhesive primer and the boncfing agent were tested according to the photo-curing test methods mentioned 
below, in which the photo-curing time and the photo-cured depth were measured. The data obtained are shown in Table 
6. In addition, these were tested for the bonding strength, according to the same bonding strength test as in Example 
8. Further, these were subjected to a bonding durability test, in which the bonded discs to be tested were exposed to 

20 10000 heat cycles (one cycle comprises immersing the bonded discs in water at 37°C for 24 hours, then in cold water 
at 4°C and hot water at 60°C for 1 minute each), and their bonding strength was measured. The data obtained are also 
in Table 6. 

Method for Measuring Photo-curing Time (1): 

25 

[01 57] A bovine anterior tooth was smoothly polished in wet with #1 000 Silicon Carbide Abrasive Paper (from Nippon 
Abrasive Paper) to make its dentinxposed out, and water existing on its surface was blown off with a dental air syringe. 
The adhesive primer to be tested was applied to the exposed dentin surface with a brush, then left as such for 30 sec- 
onds, and thereafter dried with an air syringe. Next, a washer with a hole having a depth of 0.8 mm and a diameter of 
30 4 mm was put on it, and the hole was filled with the bonding agent to be tested. With the tip of a thermocouple being 
inserted into the hole in that condition, the sample was exposed to light, for which used was a dental light emitter, Lite! 
II (from Gunma Ushio Electric). During the exposure, the temperature change in the sample was recorded through the 
thermocouple, from which was obtained the time from the start of the exposure to the heat peak. The time indicates the 
photo-curing time for the sample. 

35 

Method for Measuring Photo-cured Depth (2): 

[0158] A mold having a diameter of 4 mm and a depth of 5 mm was filled with the bonding agent to be tested, and 
exposed to light for 1 0 seconds from a dental light emitter, Litel (from Gunma Ushio Electric). Then, the disc sample was 
40 released from the mold, and the non-cured bonding agent was wiped away with tissue paper. The cured sample which 
was still soft was compressed under a load of 500 g, and its thickness was measured with a vernier micrometer. 

Examples 15 to 17, and Comparative Examples 19 to 22: 

45 [01 59] The same adhesive primer as in Example 1 4 and as in Table 6 was prepared. In addition, bonding agents were 
prepared by mixing UDMA or Bis-GMA, and any of HD, HEMA, TTvlDPO, DCDPO, CQ, EDMABA and DEPT in a ratio 
by weigh as indicated in Table 6. 

[01 60] The adhesive primer and the bonding agents were tested for the photo-curing time, the photo-cured depth and 
the bonding strength, according to the same photo-curing tests and bonding strength tests as in Example 14. The data 
so obtained are shown in Table 6. 



55 



31 



3/5/2006, EAST Version: 2.0.3.0 



EP 0 980 682 A1 



TABLE 6 



Adhesive Composition 


Formulation (wtpts) 








Py 1d 


Ex.15 


Ex 16 


Ex.17 


■Comp. 
Ex.19 


Comp. 
Ex.20 


Comp. 
Ex.21 


Comp. 
Ex.22 


Adhesive 


Primer 


















MUP 




20 


20 


20 


20 


20 


20 


20 


20 


HEMA 




40 


40 


40 


40 


40 


40 


40 


40 


Distilled Water 




40 


40 


40 


40 


40 


40 


40 


40 


Bonding Agent 


















UDMA 




70 


70 






70 


- 


70 


- 


Bis-GMA 








45 


45 


- 


45 


- 


45 


HD 




- 


- 


20 


20 


- 


20 


- 


20 


HEMA 




30 


30 


35 


35 


30 


35 


30 


35 


TMDPO 




2.5 




2.5 




2.8 


2.8 




- 


DCDPO 






2.5 




2.5 








- 


CQ 




0.3 


0.3 


0.3 


0.3 






2.8 


2.8 


EDMABA 




1 


1 


1 


1 


1 


1 


1 


1 


DEPT 




0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


Photo-curing Time (sec) 


8.2 


8.4 


8.2 


8.2 


9.8 


9.7 


14.8 


14.2 


Photo-cured Depth (mm) 


2.0 


2.1 


2.0 


1.9 


0.5 


0.4 


1.1 


1.0 


Tensile Bonding Strength (unit: MPa) 




After 24 hours 


Enamel 


20.1 


20.3 


20.4 


20.2 


19.7 


19.6 


18.1 


19.8 


at37°C 


Dentin 


19.0 


18.8 


18.7 


21.3 


19.3 


19.1 


16.2 


16.8 


After Heat 


Enamel 


21.2 


21.0 


20.3 


19.5 


12.1 


12.5 


6.8 


6.7 


Cycle Test 


Dentin 


17.6 


17.5 


17.9 


18.3 


11.5 


11.6 


5.8 


5.9 



[0161] As in Table 6, it is understood that the adhesive compositions of Examples 14 to 17 (in these, the bonding 
agent comprises an acylphosphine oxide compound and CQ both serving as a photopolymerization initiator) cured 
within a period of 1 0 seconds, and that their photo-cured depth reached about 2 mm after exposure for 1 0 seconds. The 
data support the good photocurability of the compositions. In addition, in the heat cycle test for the bonding durability, 
the bonding strength of the compositions decreased little after heat cycles. However, the adhesive compositions of 
Comparative Examples 19 and 20 (in these, the bonding agent comprises TMDPO only as the photopolymerization ini- 
tiator) had a photo-cured depth of about 0.5 mm even though they cured within 10 seconds. The data indicate that the 
photocurability of these comparative compositions is not satisfactory. In addition, the bonding strength of the compara- 
tive compositions lowered after heat cycles. On the other hand, the adhesive compositions of Comparative Examples 
21 and 22 (in these, the bonding agent comprises CQ only as the photopolymerization initiator) could not be completely 
cured within 10 seconds, and their photo-cured depth was only 1 mm or so. The data indicate that the photocurability 
of these comparative compositions is not good. In addition, the bonding strength of the comparative compositions 
noticeably lowered after heat cycles. 

Examples 1 8 to 21 , and Comparative Examples 23 to 26: 

[0162] MDP. HEMA, CQ, DMAB and distilled water were mixed in a ratio by weight as indicated in Table 7 to prepare 
adhesive primers. On the other hand, bonding agents were prepared by mixing UDMA or Bis-GMA, and any of HD. 
HEMA, MDP, TMDPO, DEDPO. CQ, EDMABA and BHT in a ratio by weigh as indicated in Table 7. 
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rtM631 The adhesive primer and the bonding agents were tested for the photcxuring time, the ^^'f/?*^ 
SndS "Wording to the same phttnuing tests ar* bonding strength tests as ,n Example 1 4. The date 

obtained are shown in Table 7. 



Table 7 



10 



15 



20 



25 



30 



35 



40 



45 



Adhesive Composition 


Formulation (wt 


pts) 










tx. 1 0 


Ex.19 


Ex.20 


Ex.21 


Comp. 


Comp. 


Comp. 


Comp. 










Ex.23 




Ex.25 


Ex.26 


Adhesive Primer 


















MDP 




15 


15 


15 


15 


15 


IO 


15 


15 


HEMA 




40 


40 


40 


40 


40 


40 




40 


CQ 




0.3 


0.3 I 


0.3 


0.3 


0.3 


0.3 


n ^ 


0.3 


DMAB 




0.5 


0.5 


0.5 


0.5 


0.5 


n 


0.5 


0.5 


Distilled Water 




45 


45 


45 


45 


45 


45 


45 


45 


Bonding Agent 


















UDMA 




65 


65 


- 


- 


65 






40 


Bis-GMA 








40 


40 


- 


40 




HD 






_ 


25 


25 


- 


do 




25 


HEMA 




30 


30 


30 


30 


30 


on 




30 


MDP 




5 


5 


5 


5 


5 


c 
D 




5 


TMDPO 




2.5 




2.5 




2.8 








DEDPO 




_ 


2.5 




2.5 






2.8 




CQ 




0.3 


0.3 


0.3 


0.3 






2.8 


EDMABA 




1 


1 


1 


1 


1 


1 


1 
i 


1 


BHT 




0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


0.05 


Photo-curing Time (sec) 


8.2 


8.4 


8.3 


! 8.4 


9.9 


9.8 


13.5 


13.6 


Photo-cured Depth (mm) 


2.2 


2.1 


2.1 


2.2 


0.5 


0.5 


1.6 


1.6 






Tensile 


Bonding Strength (unit: MPa) 








After 24 hours 


Enamel 


22.3 


22.5 


22.6 


22.4 


21.9 


21.8 


19.4 


18.9 


at37°C 


Dentin 


21.2 


21.9 


21.8 


22.1 


19.8 


19.7 


17.5 


17.4 


After Heat 


Enamel 


22.1 


21.6 


21.1 


21.3 


13.7 


13.8 


8.7 


8.6 


Cycle Test 


Dentin 


20.6 


20.8 


19.7 


20.5 


13.8 


13.9 


8.8 


8.6 



50 



55 



roi641 As in Table 7 it is understood that the adhesive compositions of Examples 18 to 21 (in Ihese. ^ebonding 



33 



3/5/2006, EAST Version: 2.0.3.0 



EP0980 682A1 



noticeably lowered after heat cycles. 

Examples 22 to 26. and Comparative Examples 27 to 29: 

[01 65] The adhesive primer of Example 20 was again prepared herein. On the other hand, different bonding agents 
were prepared in the same manner as in Example 20 except that the proportions of TMDPO and CQ both' serving as a 
photopolymerization initiator were varied. The adhesive primer and the bonding agents were tested for the bonding 
strength, according to the same bonding strength tests as in Example 14. The data obtained are shown in Table 8. In 
addition, the bonding agents were tested for the light stability according to the light stability test mentioned below. The 
data obtained are shown in Table 8. 

Light Stability Test: 

[0166] A sampling dish was put on a laboratory table, and a fluorescent lamp with a movable stand was so fitted 
thereto that the illuminance at the dish could be 1 .000 luxes. 0.03 g of the bonding agent to be tested was put into the 
dish, and exposed to the fluorescent lamp under that condition. The time before a part of the bonding agent in the dish 
cured or gelled was measured. 



Table 8 







Ex 22 


Ex.23 


Ex.24 


Ex.25 


Ex.26 


Comp. 
Ex27 


Comp. 
Ex.28 


Comp. 
Ex.29 


TMDPO (wtf 


JtS.) 


5 


3 


3 


3 


3 


3 


3 


3 


CQ (wtpts.) 


0.05 


0.1 


0.3 


1 


1.5 




3 


4 


Ratio for Formulation 
CQ/TMDPO 


0.01 


0.03 


0.10 


0.33 


0.50 


0.00 


1.00 


1.33 


Tensile Bonding Strength (unit: MPa) 




After 24 
hours at 
37°C 


Enamel 


22.3 


22.0 


22.5 


22.3 


22.1 


20.8 


21.4 


22.9 


Dentin 


20.2 


20.3 


20.7 


20.1 


20.5 


19.8 


19.7 


19.4 


After Heat 
Cycle Test 


Enamel 


22.1 


21.8 


21.5 


21.8 


21.7. 


13.8 


20.7 


21.6 


Dentin 


20.4 


20.7 


20.7 


20.4 


21.0 


13.9 


19.8 


20.6 


Light Stabil- 
ity (1000 
luxes) 


Time 

before Gel- 
ling 


>3min. 


>3min. 


>3min. 


>3min. 


>3min. 


>3min. 


2min and 
30 sec 


2 min and 
10 sec 



[0167] As in Table 8, the bonding agents where the ratio of TMDPO to CQ falls between 1 fl.Ot and 1 :0.5 had excellent 
bonding durability to tooth. For their light stability, the bonding agents did not gel after exposed to light of 1 000 luxes for 
3 minutes or longer (Examples 22 to 26). However, the bonding agent not containing CQ had poor bonding durability, 
though its light stability was good (Comparative Example 27). The bonding agents where the ratio of TMDPO:CQ is 1 :1 
(Comparative Example 28) or 1 :1 .33 (Comparative Example 29) gelled after exposed to light of 1000 luxes within 3 min- 
utes, though their bonding strength was high. The data indicate that the light stability of these comparative components 
is poor. 

[01 68] As described hereinabove, the bonding compositions for dental use of the present invention can firmly bond a 
tooth and a restorative dental material applied thereto, and, in addition, can kill bacteria remaining in the fine structure 
of the bonded interface such as toothal canals, etc. Moreover, they can kill bacteria that may penetrate into the bonded 
interface, and are therefore effective for preventing secondary caries and infectious odontitis. 
[0169] In the adhesive compositions for dental use of the invention comprising a primer and a bonding agent, the 
bonding agent comprises an acylphosphine oxide compound and an a-diketone compound both serving as a photopo- 
lymerization initiator. In these, not only the bonding agent but also the adhesive primer can be firmly photo-cured at the 
same time within a short period of time, and the bonding durability of the compositions to the tooth is significantly 
increased. 

[01 70] While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
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apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

Claims 

1 . Antibacterial bonding compositions for dental use, comprising (A) an antibacterial primer that comprises an anti- 
bacterial polymerizable monomer having an ethylenic unsaturated group and at least one cationic group selected 
from the group consisting of ammonium bases, pyridinium bases and phosphonium bases, and a volatile solvent, 
and (B) an adhesive composition that comprises an acid group-having polymerizable monomer, a polymerizable 
monomer, and a polymerization initiator. 

2. The antibacterial bonding compositions for dental use as claimed in claim 1 , wherein said adhesive composition (B) 
is composed of (C) an adhesive primer comprising an acid group-having polymerizable monomer, a hydrophilic 
polymerizable monomer, and water, and (D) a bonding agent comprising a polymerizable monomer, and a polym- 
erization initiator. 

3. The antibacterial bonding compositions for dental use as claimed in claim 2. wherein said bonding agent (D) further 
contains an acid group-having polymerizable monomer. 

4. The antfoacterial bonding compositions for dental use as claimed in claims 2 or 3, wherein said bonding agent (D) 
contains an acylphosphine oxide compound and an a-diketone compound both serving as a polymerization initia- 
tor. 

5. Adhesive compositions for dental use. comprising (P) an adhesive primer that comprises an acid group-having 
polymerizable monomer, a hydrophilic polymerizable monomer, and water, and (Q) a bonding agent that comprises 
a polymerizable monomer, and an acylphosphine oxide compound and an a-diketone compound both serving as 
a polymerization initiator. 

6. The adhesive compositions for dental use as claimed in claim 5. wherein the ratio of said acylphosphine oxide com- 
pound to said a-diketone compound falls between 1 :0.01 and 1 :0.5. 

7. The adhesive compositions for dental use as claimed in claim 5 or 6, wherein said bonding agent (Q) further con- 
tains an acid group-having polymerizable monomer. 

8. The adhesive compositions for dental use as claimed in any one of claims 5 to 7, wherein said adhesive primer (P) 
further contains a polymerization initiator. 

9. Antibacterial bonding compositions for dental use. comprising (A) an antibacterial primer that comprises an anti- 
bacterial polymerizable monomer having an ethylenic unsaturated group and at least one cationic group selected 
from the group consisting of ammonium bases, pyridinium bases and phosphonium bases, and a volatile solvent. 
(P) an adhesive primer that comprises an acid group-having polymerizable monomer, a hydrophilic polymerizable 
monomer, water, and a polymerization initiator, and (Q) a bonding agent that comprises a polymerizable monomer 
and an acid group-having polymerizable monomer, along with an acylphosphine oxide compound and an a-dike- 
tone compound both serving as a polymerization initiator, in which the ratio of said acylphosphine oxide compound 
to said a-diketone compound falls between 1 :0.01 and 1:0.5. 
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